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rETEPOrEHHAH ^HAKOOA3HAH 
KPHCTAJIJIH3AUHH AJIMA3A 

o6jiaCTfa XeXHHKH 

npHMeHCHHe cHHxexHHecKHX aJiMaaoB (CA) b coBpeMeHHoft c^epe MaxepHajib- 
5 Horo npoHSBozicTBa oMCHb o6uiMpHo. npaKTMHecKH Hex oxpacjiH MaxepHajibHoro 

npoH3BOACTBa, rae 6bi He npMMeHHJiMCb cHHxexHMecKHe a/iMa3bi. HaH6oJiee mnpoKoe 
npHMCHeHHe CA naxoAOT b MauiHHocxpoeHHH [1]: 

ajiMa3HO-a6pa3HBHaH o6pa6oxKa pencymero HHcxpyMeHxa; 
ajiMa3Ho-a6pa3HBHoe uiJiH4)OBaHHe Mexaji jiob ; 
10 ajiMasHoe xoHHHroBaHHe; 

ajiMa3Ho-a6pa3HBHaH o6pa6oxKa xpynKHx HeMexajiJiHMecKMx MaxepHajioB; 
o6pa6oxKa /upeBecHbix MaxepnajioB, njiacxHKOB m pesHHw; 
npHMeneHHe HHcxpyMCHXOB m3 CA b 6ypeHHH cKBa^MH; 
HHcxoBan o6pa6oxKa xBep/iocnjiaBHoro h 6bicxpope:)icymero 
15 HHCxpyMCHxa na Bcex HHCxpyMCHxajibHbix 3aBOAax. 

AjiMa3 B sjieKxpoHHoii xexHHKe uaxomT caMoe uiHpoKoe pacnpocxpaneHHe. TaK, 
B ClUA H 5!noHHH noHBHJiHCb coo6meHHH [2] o pa3pa6oxKe ajiMasHbix MMxpocxeM 
AJiH KOMRbioxepoB (cJjMpMa Sumitomo Electric), o npoMbimjieHHOM BbmycKe xenjioox- 
BozioB (oHa ^e) H aKycxHMecKHx MeM6paH na ajinasHbix njieHKax (cJ^MpMa Sony). 
20 B Hacxoamee BpcMH co3ztaHbi na ocHOBe ajiMa3a 6MnoJiHpHbie xpaH3HCXopbi, moRhi- 

UIoxxKH, TO^eHHO-KOHxaKXHbie xpaH3Hcxopbi H no^esbie xpaHSHCXopbi. HaM6ojibmHH 
npaKXM^ecKMH HHxepec npe/icxaBJinrox CBM xpaHSHCxopbi c npoHHuaeMOH 6a30H- Bbi- 
coKan MomHocTb CBM xpaH3HcxopoB, Koxopan /locxHraex 20Bx Ha nacxoxe 30 Fru, 
a 3TO Ha nopHAOK Bbime mouihocxm jiyMuiHX coBpeMeHHbix-npH6opoB-xaKoro-xMna. 
25 AjiMas c ero peKopAHoii xenjionpoBOAHocxbK) Mo^ex npMBecxH k no/iJiMHHOMy iiepeao- 
poxy B xexHOJiorMH hoajio^ck jxjih 6ojibmHx h cBepx6ojibmMx WHxerpajibHbix 

MHKpOCXeM [2]- 

Cjie^yex oxMCXHXb, mxo b nojiynpoBOAHHKOBOH xexHOJiorHH CA ocBoeHbi Bcero 
Ase-xpH jierHpyK)mHe npHMecH, BBoziHMbie b npouecce pocxa KpHCxajiJioB, a b npH- 
30 poAHbix ajiMa3ax okojio 50 pa3Hoo6pa3Hbix npHMeceii h Ae4)eKxoB b pa3JiHMHbix 

COHCXaHHHX. 




yPOBEHb TEXHHKH 



CoBpeMeHHbie mctoam CHHTeaa ajiMasa mo^ho KJiaccMcJ^MUMpoBaxb [ 1 ] : 

1. CnHxea npH bmcokmx cTaxHMecKHX AaBJieHMHx; 

2. CMHxea npn bmcokom Harpy >KeHMM; 

3. TexeporeHHaH KpHcxajiJiwaauHH h3 raaoBott 4)a3bi; 

4. JlaaepHbiii cHHxea; 

5. riJiaaMeHHbiM cHHxea. 

Oahmm h3 M3BecxHbix aHajioFOB npe/i^araeMoro M3o6pexeHMH mo^kcx 6bixb ncno- 
jib30BaH cnoco6 rexeporeHHoft KpncxajiJiMsamiM ajiMa3a m3 rasoBoft 4>a3bi, M3Jio^e- 

HHblH B [4]. 

"B rexeporeHHOH HyxjieauMH mojkho BbiAeJiHXb jiBa bosmo^hmx iicxoMHHKa axo- 
MOB, MAymwx Ha o6pa30BaHHe KpHXMHecKoro sapoAbima hjih npHcoe/iHHaiomMxcH 
K pacxymeft cxyneHH. Axomm yr;iepo;ia (b cocxaBe MOJieKyjibi hjih pa/iHKajia) Moryx 
npHcoeziHHHXbCH jih6o HenocpezicxBeHHo h3 rasoBoft 4)a3bi (peaKUHH npHMbiM y^apoM 
Mexa HM3M PaMAMJia), jim6o h3 aAcop6MpoBaHHoro /iByMepHoro ra3a, 6jiaroAapH no- 
BepXHOCXHOH MHFpaUHH (MCXaHHSM JlaHFMiopa). 

PaccMOxpHM AByxKOMnoHCHXHyio cMCxeMy, HanpMMep, Mexan h Bo/iopozi. BBe^eM 
cjieAyiomHe o6o3HaHeHMH : 

P^- - napuHajibHbie jxaBJienuH Mexana h BOAopo^a; 

0^ — ^2~" cxencHM 3anojiHeHHH noBepxHOcxM aAcop6MpoBaHHbiM MexanoM (hjih 
MexHJibHbiM pa/iHKajioM) H BOAopoAOM. Tor^a cKopocxb pocxa rpa4>Hxa, jiHMHXHpye- 
Man cKOpocxbK) HyKJieauHH, onpeAeJinexcH KaK 

- 0a,+ 0a,^J ^ (2.1) 

P^e"^— noxoK-MOJieKyji-MexaHa-Ha-eAHHHuy-nGBepxHoex-H— S^eeb-^ — 
cooxBexcxByex nyKJieauHH h3 AByMepHoro aAcop6HpoBaHHoro cjioh, totjxb. KaK Bxopoe 
cjiaraeMoe cooxBCXCXByex npoueccy o6pa30BaHHH KpHXHMecKoro sapo/ibima no Mexa- 
HH3My npHMoro yjiapa. 

B cjiynae npHMeHHMocxH H30xepMbi Jl3HrMK)pa jxjih AByxKOMnoHenxHOH cHcxeMbi 




(2.2) 
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me H KOHcxaHTbi aAcop6uMH MexaHa h Bo/xopozia; K ^ u K ^- KOHcxaHXbi cko- 
pocxeft peaKUHH, aaBHcnmHe b ochobhom ox xeMnepaxypbi. Korzia rpa4)Hx pacxex 
Ha HCKoxopbix MexajiJiax, cKopocxb ero pocxa MOHcer 6bixb snaHMxejibHo 6ojibiiie. 
Kap6HZi;bi MexajiJiOB (nanpiiMep Kap6MZ^bI HHKejin) Moryx cjiyjKHXb roxoBbiMH KpHXH- 
MecKHMM sapoAMiiiaMH. JXpyrnu npuMCpoM noBbiiueHHoft cKopocxH pocxa rpacJjHxa 

HBJIHeXCH 06pa30BaHMe HWXeBHOTblX KpHCXaJIJIOB. B HMX 6a3MCHbie nJIOCKOCXH opM- 

eHXHpoBaHbi B AO Jib HanpaBJieHHH pocxa, hxo h o6ecneMHBaex BbicoKyK) CKopocxb, 
a xaK^e pcKopAHyio npoHHOcxb aa paapbiB. 

HccjiCAOBaHMH no KHHexHKe pocxa ajiMaaa b ochobhom BbinoJiHCHbi na BbicoKO- 
AHcnepcHbix ajiMasHbix nopoiuKax. Ka^^an nacxHua xaKoro nopoiUKa npcAcxaBJinex 
C060H HecoBepmeHHbiH KpHCxajiji c 6ojibiiioH njioxHocxbKD H3JiOMOB,CKOJiOB, x.e.ro- 
xoBbix cxyneneft pocxa. KpoMe xoro, na rpanH ajiMaaa (100) y^e oahh axoM hbjih- 
excH aapOAbiuicM h pa6oxa o6pa30BaHHH paBHa nyjiio. 

AnajiHS SKcnepHMCHxajibHbix Aannbix no3BOJiHex npCAnojio^HXb cjieAyioiUHH Mexa- 
HH3M pocxa ajiMaaa. AjiMa3 pacxex na ajiMa3HOM no^JiomKe na Mecxax, cBo6oAHbix 
ox xeMocop6MpoBaHHoro Mexana h BOAopo^a, jih6o nepes xeMocop6HpoBaHHbiH boao- 
poA, T. e. 

V,--{l-0,-0,) J,^0,-J,. (2.3 ) 

3Aecb 0 - cxeneHb 3anojiHeHMH noBepxHocxH; J - noxoK yrjicBOAopoAa. IlpM 

HCn0JIb30BaHMH aACOp6ltHH JIsHFMiopa 

K.=^.,-^-/^.-^-. (2.4) 

TAC K ^ M K^2" KOHCxanxbi CKopocxeii peaK^HH, cooxBexcxBCHHO na hmcxom noBep- 



XHocxH H Ha noBepxHocxH , noKpbixoii xeMOCop6HpoBaHHbiM BOAOpoAOM. Heo6xoAH- 
MO HMexb B BHAy, HXO KOHcxaHXbi aAcop6uMM B 4)opMyjie (1.4) oxHOCHXCH K noBep- 
xHocxH ajiMa3a. KaK bmaho m3 4)opMyjibi, b onpeACJieHHbix ycjioBHHX cKOpocxb pocxa 
ajiMa3a npH noBbiiuenHH napuHajibHoro AaBJieHHH BOAOpOAa b ra30B0H <^a3e 6yAex 

yBeJIHHHBaXbCH- 

CoBMecxHbiii anajiHS ypaBHCHMH (1.2) h (1.4) noKasbmaex, hxq bosmo^ch xaKott 
npoixecc, KOFAa cKopocxb pocxa ajiMa3a 6yAex nacxojibKO 60 Jibuie cKopocxH pocxa 
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rpa4>MTa, mto nocjieAHWH zionycTHMo paccMarpMBaTb KaK npMMecb, KOTopan mo^ct 
6biTb aapamcHa ajiMaaoM. 

ripeAJio^eHHbiM MexaHH3M pocxa nosBOJiHer c^eJiaTb zionyuueHMe, hto rpacJ^Mx pa- 
cxex Mepea MexHJibHbie pa/iHKajibi, xoxAa KaK ajiMaa, no KpaMHeii Mepe MacxMHHO, ne- 
5 pea Mexacxa6HJibHbie pa^HKajibi H 5. 

H3o6apHO-H30xepMMHecKHH noxeHUMaji ajiMaaa b o6jiacxM xepMOOTHaMMHecKoii yc- 
xoMHHBOCXH xpacJjHxa 6ojibme, hcm M3o6apHO-H3oxepMiiMecKHM noxcHUHaji rpacj^iixa. 
noaxoMy napuHajibHbie paBHOBecHbie jxaBJiennH yrjiepo/icoziep^amMx raaoB najx 
ajiMasoM 6ojibiiie, mcm najx rpacJ^MXOM. Pacnexbi noKa3biBaiox, hxo paBHOBecHoe ziaB- 

10 JieHMe Mexana naA ajiMaaoM npH xcMnepaxypax Bbime 1000°C b 2 paaa npeBbiiuaex 
cooxBexcxByK)inee jxjisi rpacjDHxa. Cjie^oBaxejibHO, npM aaziaHHOM napunajibHOM jiaB- 
jieHHH MexaHa nepecbimeHMe naji ajiMaaoM Bcer^a MCHbiue, mcm naji rpa4)MxoM. B aa- 
BHCMMOCXH OX xcMnepaxypbi h cyMMapHoro ^aBJieHMH oxHOCHxejibHan pa3Hocxb nepe- 
cbimeHHH naji ajiMaaoM h rpacJ^HxoM 6yAeT M3MeHHXbCH. IloaxoMy 6yziex MaMeHHXbCH 

15 oxHomeHMe cKopocxeft HyKJieauHH ajiMaaa m rpacJ^Mxa. 

B KHHexKHecKOM oxHomeHHM ajiMaa Be^ex ce6H 3HaHMxejibHo 6ojiee MHepxHo no 
oxHOUieHMK) K xaaaM, ne^ejin rpacf^MX, hxo cBH3aHO c oco6eHHOcxHMH nx cxpyKxy- 
pbi.KaK H3BecxHO, xMMHHecKHe CBH3H B peiuexKC ajiMaaa hochx xapanxep SP^ - rM6- 
pHZlMsauHH, xoFAa KaK y rpacj^nxa cooxBexcxByex SP^ - rM6pHAH3auMH. SneprMH o^m- 

20 napHOM SP^ -CBHan cocxaBJinex 348 K/I^/Mo;ib, xor^a KaK SHeprHH SP^ - cbh3h 

607 KjXm/MOJih, HXO 3HaHHxejibHO MeHbuie cyMMbi aneprMM OAMHapHbix cBHSeii. 3aMe- 
na AByx coce/teii axoMOB yrjiepo^a b pemexKe ajiMa3a na Bo^opozt npaKXMHecKM ne 
MCHHex xapaKxepa sjieKxpoHHbix BaaMMOAeflcxBHii, xor^a KaK anajiorMHHaH onepauHH 

e-aTOMaMH-yr-Jiepo/i;a-B-pemexKe-^rpa4)Mxa-MeHHex-xapaKxep_3JieKxpOHm^ — 

25 BceM yrjiepoAHOM KOJibue. 

Ilo aHajioFMH pa3JiMHHe bo B3aHMo;ieMcxBHH ajiMa3a m rpacJjHxa c axoMapHbiM bo- 
Aopo/ioM M03iCH0 ynozio6HXb pa3JiMHMK) B peaKUHHx FMApMpoBaHHH 3xaHa H auexiiJiena 
HJiH uHKiioreKcana h 6eH30Jia. Ha axoM ocnoBanbi cnoco6bi ox/ieJieHHH ajiMasa ox 
rpa4)Mxa. TaK npH KMniineHMH b xjiopHon KHCjioxe (xeMnepaxypa KMneHHH 203^ C ), 

30 BbiAeJiHK)mHMca npH pa3Jio^eHHH nocjie/meit, axoMapHbifl KMCJiopozi ra3M4)Mmipyex 
rpacJjHX, HO npaKXHHecKH ne BsaHMO/tencxByex c ajiMasoM. 



npH6jiH^eHHO cKopocTM pocxa ajiMaaa h rpacJ^Mxa Moryx 6biTb aanMcanbi b BHjie 

K^=K^^^C, ^......V^^=K,,.C, , (2.5) 

rjxe Cj - KOHLteHTpaixHH yrjieBOAopozia; K - KOHCTaHXbi cKopocTeft peaKi^HM. 

EcjiH B cpe^e HMcexcH axoMapHbiii Bojiopoji c KOHi^eHxpauHefi SHa^MxejibHO npe- 
BbimaiomeH pasHOBecHyio npH jxannofi xeMnepaxype, xo CKopocxH o6paxMMbix peaK- 
iXHH ra3H(J)HKaixHH Mo^HO sanHcaxb b Bnjxe 

y = K2C,-'-V,= K^,^C,'-, (2.6) 
Tjxe - KOH^eHxpa^HH axoMapHoro Bo^opoAa; /C^j'^^^^Tanxbi cKopocxefl peaKixHH 
ra3H4)MKaiiHH axoMapHbiM Bo/iopo/ioM. ycjioBHCM oxcyxcxBHH BbiziejieHHH yrjiepo/ia 
b HeajiMasHOH i^opMe 6y/i;ex 

K=V, , (2.7) 
OTKyaa jierKo Haftra KpHTMMecKyio KOHueHxpauHio aroMapHoro Boaopoaa 

C,^(K^,/K^,)-Q (2.8) 
npH /taHHOM napUiHajibHOM ziaBjieHHH yrjieBo/iopozta. 

CyMMapHan cKopocxb pocxa ajiMaaa pasHa paanocxH cKopocxeii npHMoii h o6pax- 

HOH peaKIJiHH 

K=K-K - (2.9) 

DoAcxaBjiHH KpHXHHecKHe 3HaHeHHH KOHueHxpauHH axoMapHoro BOAopoAa,jierKo no- 
jiyHMXb cKopocxb pocxa ajiMaaa 6e3 BbiAejieHHH rpacJjHxa 

K=K{i-^^} - (2-10) 

Hxo6bi yvjiepojx mot KpHcxajiJiM30BaxbCH b (|)opMe ajiMaaa, Heo6xo^HMO BbinojiHHXb 
ye^TiOBHe ^ 



^^••<-1 . (2.11) 

npoBezieHHbiH Bbime pacnex c^ejiaH 6e3 y^exa bjihhhmh MOJieKyjinpHoro Bo/topo/ia 
Ha npouecc KpMcxajiJiM3auiHH ajiMasa h rpacf)Mxa. B nocjieOTCM cjiynae nojiynaioinHe- 

CH 4)OpMyjIbI OHCHb rpOM03ZlKH, HO He HpHHOCHX HHHCrO npHHlXHnnaJIbHO HOBOrO. 

C KHHexMHecKHMH oco6eHHocx5iMM pocxa ajiMasa H rpa4)Mxa cBHsanbi anoMajibHbie 
34)4)eKXbi,3aKJiiOHaHDmHecH BO cJ)paKUHOHHpoBaHHH cxa6HJibHbix M3oxonoB yrjiepo/ia 



^^C H *^C. Bmjio o6HapyHceHo, hto npH pocxe a./iMa3a nocjie/tHiiM norjiomaeT 6ojib- 
myio noJiJO 6ojiee TH>Kejibix M30TonoB yr./iepoAa, rorAa KaK rpacjDMT "oTztaex npe^- 
noHTeHMe" 6ojiee jierKMM HSOxonaM. 34)c})eKx pasjiMMHoro cJ^paKUHOHHpoBaHMH h30- 
xonoB yrjiepoiia Mo>Kex 6bixb o6bHCHeH, ecjiM npMHHXb, hxo rpacj^HX pacxex m3 pa- 
ZiHKajioB H 3, xorzia KaK npii pocxe ajiMa3a o6pa3yioxcH KOMnJieKCbi H 5. B sxom 
cjiynae K034)4)HUMeHXbi pa3AeJieHHH 6yAyx npoxHBonojio^Hbi no 3HaKy jxjih rpacfiHxa 
M ajiMa3a. B pesyjibxaxe ajiMa3 noJiynaexcH M30xonHO 6ojiee "xH^ejibiM", He^ejiH 
rpact)HX. 3xox 3<J)(l)eKx cxpyKxypHoro 4)paKUMOHHpoBaHHH H30xonoB hocmx mmcxo kh- 
HexHHecKMM xapaKxep. 

nojiyMeHHbiH 3KcnepHMeHxajibHo K034)4)HUMeHX pa3/iejieHHH M30xonoB Ha HecKO- 

JlbKO nOpHZ^KOB npeBbllUaeX xepMOAMHaMMHeCKMM 34)ci)eKX (JjpaKUMOHMpOBaHHH. 

HapameHHbie h3 ra30BOM (Jjasbi ajiMasHbie nopouiKH Moryx o6jiaziaxb HecKOJibKO 
MHblMH CBOMCXBaMH, HC^eJIM MCXO/lHbie. TaK, MX npOMHOCXb MOHcex noBbimaxbCH 

BCJieACXBHe 3aJieHiiBaHiiH xpeiUMH 11 AecJ^eKxoB. KpoMe xoro, B03M0^Ha npMBMBKa 
pa3JiMHHbix (|)yHKUMOHajibHbix rpynn Ha noBepxHocxb ajiMa3a. 

CymecxBCHHbiM HaynnbiM h npaKXHMecKMM AocxH:^eHMeM HBJinexcH pa3pa6oxKa 

MeXOAOB HOJiyHeHHH aJIMa30n0A06HbIX HJICHOK H3 aXOMHblX H HOHHblX nyHKOB. 

npH pocxe ajiMa3onoAo6Hbix hjichok m3 axoMHbix m MOHHbix nyHKOB axoMbi 
yrjiepo/ia (mjih KOMHJieKCbi h3 necKOJibKHX axoMOB) ne cpasy xeparox cbokd no^- 

BH3KHOCXb. JlHLUb HO npOlUeCXBHH HeKOXOpOFO BpeMeHH OHH "BCXpaMBaK)XCH" B 

peuiexKy, o6pa3yH c ApyxHMM axoMaMM ajiMasHbie n rpacJjMXOBbie xhrm cBHseii. 
06biHH0 B 3XHX SKcnepHMCHxax noAJio:^Ka oxjia^z^aexcH jxo xcMnepaxypbi 3iCMZiKoro 
a3oxa. no3xoMy aBxopbi ycJiOBHO BbiziejiHK)x npHnoBepxHOcxHbm cjioii, r^e npoHC- 

yo/^uT n6pa3 0BaHne 3a poz ibimeM hoboh 43a3bi, nacxHUbi Koxopofl 3axeM nepexojH X 

HenocpeACXBeHHO b xBepziyK) cjjasy". 

M3Jio^eHHbiM aAcop6uMOHHbiM npHHUHH KpMCxajiJiM3auHH a;iMa3a m3 ra30B0M 
(|)a3bi Ha uonJioyKK2LX pasjiHHHoro BM^a (ajiMa3Hbie, MexajiJiMMecKMe, /iM3JieKxpH- 
MecKHe ) B nacxonmee BpeMH ne hmccx npoMbimjieHHoro npMMeHeHHH, xaK KaK ne 
no3BOJiHex oxKpbixb nyxb npMKJiaAHofl xexHOJiorHH b npoH3BOAcxBe cHHxexHMecKHX 
ajiMa30B. 

MHoroJiexHHH 3KcnepMMeHxajibHa5i nayKa, Bonjiouxarou^an b ^H3Hb 3xox npMHUiin, 



eme He AOCXHrjia Heo6xo/iiHMoro paaBHXHH, HTo6bi yKaaaxb 0AH03HaHH0 KpHxepMH 
npoHSBo/icxBeHHOH xexHOJiorHM cMHxeaa ajiMaaa m3 raaoBoft (|)a3bi paajiHHHbiMH 
cnoco6aMH: 

xepMHHecKoe paajio^eHHe yrjieBOAopo/ioB paajiiiHHoro cocxaBa b npHcyxcxBiiH hjih b 
axMoc4)epe pasjiHMHbix raaoB (Boztopozia, aprona, rejiMH m jipyrnx rasoB pa36aBMxe- 
jieft); nJiasMoxHMMHecKHe Mexo/ibi oca^/ieHMH yrjieBOAopoOTOH njiasMbi Ha pa3.^HHHbie 

nOA^O^KH. 

H3 MHo^ecxBa cnoco6oB, pea;iH3yK)iu,Hx rexeporeHHbiii MexaHH3M cHHxeaa CA m3 
rasoBOH 45a3bi, HeB03Mo^Ho ox/naxb npe/inoMxeHHe KaKOMy-jiH6o, Hxo6bi Buejipim b 
npoH3BOACXBO. OneHb 6oraxbiii aKcnepHMenxajibHbiH Maxepnaji, c ne Menee 6oraxbiM 
xeopexHHecKHM o6ocHOBaHHeM sxoro npHHunna, noKa ne no3BOJiHex 0OT03HaHH0 yKa- 
3axb nyxb npoM3BOAcxBy b cMHxe3e CA. SKcnepHMenxajibHo nojiyMaeMbie KpHcxajiJibi 
oHeHb MejiKHe (oKOJio 50 mkm), a ajiMasHbie snMxaKCHajibHbie njiCHKM nojiynaioxcH, 
KaK npaBHJio, nojiMKpHcxajijiOTecKHMH c MHoroHHCJieHHbiMH /i.e(|)eKxaMH, Tjie npHcyx- 
cxByex rpa4)HX h pasjiHHHbie Mo/i;H4)HKaixHH yrjiepo/ia. Bojiee xoro, npn AOcxH^eHHH 
onpeztejieHHOH xojimwHbi (0,1 mkm) ^jih hjichok, BbipaiuMBaeMbix na pa3JiHHHbix no- 
A^o^Kax snHxaKCHajibHbiH pocx Boo6me npeKpamaexcH. 

B Hacxonmee BpeMH npoHSBOACXBO CHHxexHMecKHx ajiMa30B (CA) ocyiii,ecxBJiHex- 
CH Mexo/ioM TH/ipocxaxHHecKoro npeccoBaHMH [3,5] b npHcyxcxBMH MexajiJiMHecKHX 
KaxajiHsaxopoB ( Fe, Co, Ni, Mn, h ztp.). Becb cneKxp nojiyMaeMbix CA sthm choco- 
6oM B ochobhom npHMCHHexcH ziJiH itejieii o6pa6oxKH pa3JiHHHbix MaxepHajioB ajiMasHbi- 
MH HHcxpyMeHxaMH. B xaKMx oxpacjiHx npoMbiuiJieHHocxM, KaK paziHoajieKxpoHHKa h 
onxHKa nojiynaeMbie CA ne HaxoziHx npHMeHCHMH H3-3a neyzioBjiexBOpHxejibHbix CBoii- 
cxB HJIH Hx oxcyxcxBHCM Boo6me. OxcyxcxBHC Heo6xoOTMbix xapaKxepHcxHK ecxb cjieA- 
cxBHe cnoco6a cHHxesa. 

ripe/iJiaraeMoe H3o6pexeHHe b hojihoh Mepe pemaex Bce sa/xann, Koxopbie xpe6y- 
ex HpoMbiiujieHHoe npOH3BO/icxBO ox cMHxexHHecKoro ajiMasa. Bojiee xoro, npejxjia- 
raeMbiH choco6 KpncxajiJiHaai^HH ajiMaaa nosBOJiaex nojiynaxb ajiMa3bi c jiio6biMH 
nanepe^ 3a/i.aHHbiMH cBoiicxBaMH, Hero He b cocxohhhh npeAJio^KHXb npoMbim./ieH- 
HocxM HH ojiim H3 M3BecxHbix cnoco6oB KpHcxajijiM3aitHH ajiMasa. 

CymecTBCHHbie otjihhhh npe/(jiaraeMoro 
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H3o6peTeHHH OT npoTOTHna 

"^o HacToamero BpeMeHii, HecMOxpa Ha aHaMHxejibHbie ycwjiHH MHorux yMCHbix, 
Mccjie^oBaBuiMX pasjiHr^Hbie ajiMasHbie Mecxopo^AeHHH b AcJjpMKe, Asmm m ABcrpajiMH 
He cJioxcMJiacb o6menpH3HaHHaH reopHii o6pa30BaHHH ajiMaaoB" [1, c. 32]. 
5 M3 anajiMsa npMpo/iHbix mctohhhkob ajiMaaa, KMM6epjiMTOB m ycjioBMii hx aajiera- 

HHH MOHCHO aaMCTMTb oziHy xapaKTcpHyK) oco6eHHocTb, npMcymyio bccm 6e3 MCKJiiOHe- 
HH5I KMM6epJiMTOBbiM Tpy6KaM: 

BMeuiaKDiUHe nopo^bi KHM6epjiMTOBbix Tpy6oK, KaK npaBMJio, necHanHMKH, rjiHHH- 
cTbie cjianubi, KBapuHXbi, rajiJiHXbi h Kap6oHaTHbie nopozibi [6,7]; 

10 BCe 3TM THHbl HOpO/l B TOH HJIH HHOH MCpC npOHMXaHbl 6HTyMOM [9,16]. 

3to rjiaBHbie KpHxepMH a/iMaaoHocHocTM KMM6epjrHTOB. Ho Her npasMJi 6e3 MCKJiiOMe- 

HHH. MHO^eCTBO HCKJUOMCKHH H3 STOFO HpaBHJia CyUieCTByCT. TaK, 3HaMMTe/IbHOe KO- 

jiHHecTBo KiiM6ep;iHTOBbix Tpy6oK, HanpMMep, HKyxnM Boo6ine ne coAep^ax ajiMa30B, 
a cHJiouib rpa(|)HXH3HpoBaHbi (BoxorojibCKHH MaccHB [29]). AnajiHS axoro KHM6ep.;iHxa 
15 noKa3biBaex, hxo 3xo cnn^Ho mejioHHoii KHM6epJiHx, a b npHcyxcxsMW mejioHHbix Kaxa- 
jiM3axopoB npouecc KaxajiHXMMecKoro AernzipMpoBaHMH ne npoxenax. 3xo o6meM3Becx- 
HbiH 4)aKX [17,30]. 

Ha ocHOBaHHH 3xoro cJ^aKxiiHecKoro Maxepnajia m ero aHajiM3a aBXOpaMH 6bi.a cztejian 
BbiBozi: HCXOHHMKOM yxjiepozia jXJi^ KpMcxa/iJiM3auMH ajiMasa MBJinexcH npHpo^HbiH 6w- 
20 xyM, a ycJiOBHCM rexeporeHHofl KpMCxajiJiH3auHH hbjihioxch 6MxyMHH03Hbie nopo^bi, x.e 
BMemaiOLUMe nopo^bi KHM6epjiHxoBOM MaxMbi. KHM6epJiHxoBa5i MaxMa HB/i^excH xojibKo 
HcxoHHMKOM xcHJia ^jiH npoxcKaHMH FexepoxeHHOH KpHCxa/[JiH3auHM ajiMa3a. 
06m.aH xeopHH KpMcxajiJiM3auHH, H3Jio^eHHaH b [8, c.57] yxBep^^aex: 
— ^''PocTlcpTicxaTiJiOB npoxeKaex B OT 
25 poAbimeH MHKpocKonMMecKoro pasMepa. BxopoH 3xan cocxohx b nocjie/iyiomeM pocxe 
axMX sapo/ibiuieM jxo o6pa30BaHM5i onpe^ejieHHbix rpaHeii, mxo b KoneHHOM Hxore npMBO 
AHX K B03HMKHOBeHMio KpMCxajiiia c ero ra6MxycoM. Pa3Mep h ynaKOBKa axoMOB b KpMc- 
TajiJie onpeziejiHioxcH npMpo^OH /laHHoro KpMcxa./ijia h ycjioBHHMM ero BbipamMsaHiiii . 
PaccMOxpHM ycJioBMH o6pa30BaHMH KpHcxajiJiMMecKHX sapoAbimeft (4)a3a 2) h3 fomo 
30 reHHOH (i)a3bi 1, nanpuMep, napoBoft, pacnjiaBa hjih pacxBopa. 

CBo6o/tHa5i SHepxHH nepecbimeHHoro pacxBopa mo^kcx yMeHbuiaxbCH b pe3yjibxaxe 
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Bbina/ieHHH xBcpzioH 4)a3bi. TeM He MCHee, xaKHe ^hzikocth saMeHaxe^/ibHO ycxoMHMBbi, 
nocKOJibKy xBep/ian 4>a3a Mo^ex o6pa30BbiBaxbCH xojibKO b xom cjiynae, ecjiu yivieHbuia- 
excH o6maH SHepxH^ CHCxcMbi. Ecjih iiSMeHeHMe cbo6oahoh SHepPHM npH nepexo^e mc- 
yKjiy xBepAOH h ^hakom 4)a3aMH ecxb , xo cBo6o/iHaH sneprn^ cHcxcMbi yMeHbuia- 
5 excH Ha 3xy BejiHHHHy jxjih Ka^/toft e/iHHHiibi o6beMa o6pa30BaBuierocH xBep/ioro xejia, 
HO B03pacxaex na BcjiMMMny, paBHyio sneprHH noBepxHocxH pas^ejia a^f jxjih Ka^/^oii 
eAHHHUbi njiouiaziM, o6pa30BaBmeMCH noBepxHocxH xBep/ioe xejio-^HAKocxb. 

IlpH FOMoreHHOM sapo^AGHMM M3MeHeHHe cBo6oziHOH SHeprHM 3aziaexcH Bbipa^e- 

HHeM 

10 AG^-AG^^V-Y^^i^^si . (3.1) 

^ Tjie V ecxb o6beM aapo/ibima, Koxopbift HMeex rpanH njiomazibio A,., a 

I 

AG, =-a^R^T^Lrj(—y-, (3.2) 

3/^ecb a - HHCjio HOHOB, o6pa30BaBmHxcH H3 oziHOH MOJieKy/ibi; R - rasoBan nocxoHHan; 
T - xeMnepaxypa pacxBopa; C - KOHueHxpauMH npn xeMnepaxype T; C^- KOHuenxpauiiH 

15 npM xeMnepaxype . 

DoBe^eHMe BHOBb o6pa30BaBuieHCH cxpyKxypbi c KpHcxajuiMHecKofi peiuexKoft b ne- 
pecbimeHHoii cpejie saBHCMX ox pasMepa axon cxpyKxypbi. Ona Mo^Kex pacxM mjih onaxb 
pacxBopHXbc^, npH 3XOM, peayjibxaxoM npouecca zioji^ho 6bixb cHM^eHwe ee cbo6o/ihoh 
SHeprHH. HsMeneHHe cBo6o/iHoii SHeprMH, o6beMHOM SHeprMM h cbo6ozihoh SHeprHM 

20 3apo^zi.eHMH AG jxjih ccJ^epMMecKHx aapOAbimefi pa^Myca r cBH3aHbi cooxHomeHHeM 

AG = ^*^t' •AG, + 4*;r*r' •o-,,--- (3.3) 



H HJiJiiocxpHpyexcH na pHc.l. 

MMHHMajibHbiH pa3Mep ycxoHHMBbix 3apozi.bmieH KpHXHMecKoro pasMepa HOJiyMae- 
TCH AM4)4)epeHUMpoBaHHeM ypaBHeHHH (3.3) no r, x. e. 

25 d{AG) ^^^^^p ^^^^ -hS^TTT^a^i (3.4) 

dr 

d{AG) 

H, npHpaBHHBaH — ^ K Hy.riio, HaH/].eM KpHXHMecKMH pa/iHyc 3apoAbima 

dr 



2^ 



CooTBeTCTByiomafl KpHTi-PiecKaji cBo6o/iHafl SHeprHH pasHa 



(3.5) 



(3.6) 



3 •AG J 

3aBMCMMOCTb AG OT r noKaabisaeT, hto aapoztbiuu MeHbiue mcm r* 6yAeT pacxBO- 
pHTbCH, Toraa KaK 6ojibmMe mcm r* 6yAyT pacTH. Ma (3.5) cjiejsyer, hto eejiHMMHa 
r* yMeHbUiaexcH BMecxe c yMeHbuieHMeM a^, (x.e. nepecbimeHH^) h yBejiMMCHHeM 
AGy (t. e. nepeoxjia^AeHMH). 
CKopocTb 3apoAbimeo6pa30BaHMH J , x.e. mmcjio aapoAbiuieH, o6pa30BaBUiMxcH b 
eAHHHue oe-beMa, 3a CAUHMuy BpeMeHii mo>kho Bbipasnxb ypaBHeHHCM AppeHiiyca: 



J = Jq • exp| 



(3.7) 



rjie Jq - npeAexcnoHeHUMajibHbiM MHO^Mxejib, a K - nocxoHHHaH BojibUMana 
HcnojibayH cooxHomeHHe rH66ca-ToMCOHa: 



(3.8) 



r;ie M - MOJieKyjiHpHbiH o6'beM, nojiyHHM 

Ln\ — 



1*a , 

AG,, = ^ 



_ A// 



(3.9) 



r M 

B ypasHeHMH (3.7) A// - MSMeHeHHe pasHocxH xHMHMecKoro noxeHUMajia AaHHOH cm- 

CTCMbl. TaKHM 06pa30M, M3 ypaBHCHMH (3.6) KpMTHMeCKOe H3MeHeHHe CB060ZlH0it 

SHeprHH paBHO 



N2 



-(3710)" 



3« k»T»Ln 



^0^ 



a H3 ypaBHCHHH (3.7) CKopocTb 3apoabiiJieo6pa30BaHMH eCTb 



J = Jq» exp 



16 • Tfo • M 



c, 



(3.11) 



11 



ypaBHeHMe (3.11) noKasbiBaex, hto xeMnepaxypa T , cxeneHb nepecbimeHun C h 
SHepFMH nosepxHocTH paaziejia a^^ onpeAejiHioT cKopocxb 3apoAbiiiieo6pa30BaHMH. 

IleperpynnHpoBaB ypaBHeHMe (3.11) ii hojio^hb J paBHbiM o/iHOMy aapoAbimy, 
xaK, Hxo LnJ pasHO nyjiio, 6yAeM nMCXb 



n 



: expl 



(3.12) 



^3#/:' mT^ •LnJj 

kr " 

IloAcxaBHB SHaneHMH paajiHHHbix napaMCxpoB, mo^ho nojiynnxb oucHKy KpHXHHec- 
Koro nepecbimeHMH, Heo6xoziHMoro jxjir cnoHxaHHoro o6pa30BaHMH aapo/tbiuieii. KaK 
npaBHJio, B npoij.ecce BbipamHBaHMH HcnoJibayiox nepecbimeHwe paBHoe 

CKOpocxb aapo^/ieHHH saBHCMx b cymecxBeHHoft cxeneHH ox HajiHHHH na noBcpxHo- 
dO cxH Mecx, Ha Koxopbix npoHCXoziHx pocx. TaK, cxyneHbKM na noBepxHOCXM, BKJiiOMeHHH 
T. jx, HBJiHioxcH ecxecxBCHHbiMH FOXOBbiMH ynacxKaMH, Koxopbie HHHUMHpyiox npouecc 
3apo^biuieo6pa30BaHHH. 3xox npouecc xaK^e cxHMyjiMpyexc^i npncyxcxBHeM b Kpncxa- 
jijiH3axope onpeAeJieHHbix o6jiacxeH c jioKajibHO noBbiiueHHbiM nepecbimeHMeM (nanpH- 
Mep, B6iiH3M ox;ia:^/i.aiomeH noBepxHocxM hjih na noBepxHocxH hchakoh (Jjasbi), Haim- 
15 MweM xpemHH m mejiefl b cxenKax KpHcxajiJiHsaxopa, a xaK>Ke npHMeceii b pacxBope. 

IlocKOJibKy npMcyxcxBMe no^txo/i^uuero HHOpoAHoro xejia mjim cooxBexcxByiomeM noBep- 
XHOCXH Bbi3biBaex 3apoAMUieo6pa30BaHHe npn nepecbimeHHHX MeHbuiHX, hcm xpe6yex- 
CH jXJi9i cnoHxaHHoro npouecca. 06mee H3MeHeHHe cbo6oahoh SHeprMM, CBH3aHHoe c 
o6pa30BaHHeM KpHxiinecKHX sapoztbiuieii b ycJiOBiiHX rexeporeHHoro 3apo5K/ieHMH AG*^, , 

20 AOJi3*CHO 6bixb MeHbiue, neM npH roMoreHHOM sapoHC/ieHHH ( AG*^„, ), x.e. : 

ag;.„,.<d = ag;,- , (3.13) 

r^e MHO^HxeJib <1> MeHbuie e/iMHHUbi. 



PaccMoxpHM xenepb npouecc 3apo^AeHMH KpHcxajiJiMMecKoii (J^asbi m3 ^makoh b 
npHcyxcxBHM MHopoOTOM xBepAOM <|)a3bi ( pMC.2). EcjiM sapozibiiu paziHyca r o6pa3yex 
25 yroji KOHxaKxa 9 c HHopoziHbiM xBep/tbiM xejioM h, ecjiH o6o3HaHMM Hepe3 a^, aHepxHio 
^paHH^bI pasziejia MeyKjxy KpHcxajiJiiiHecKofl (J)a30H C m ^M^Kocxbio L , Mepe3 cr^^-aHe- 
prMK) rpaHMUbi Me^^y noBepxHocxbio MHopoAHoro xBep/ioro xejia (S) h ^M/xKocxbio, a 
Hepea a^^- Me^^y KpncxajiJiH^ecKOM cj^aaofi m hhopoahom XBep^OH c|)a30H, xo mo^ho 
aanHcaxb cjieziyiomee Bbipa^cHHc: 
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HJIH 



JXajiee HMeeivi: 



a^i = a^+<j^, •cose- (3.14) 



cos^=i^i-^ (3.14*) 



MHO^HXeJIb <I> M03KH0 BbipaSHTb KaK 

^_ (2 + cosg)^(l-cos^)' (3^g^ 

4 

Tor/ia, ecjiH paBHo 180 , to cf)yHKmiH cos 6^ paBHa MWHyc eOTHime h ypaBHeHHe 
(3.13 ) npHMex bma 

ag;, = ag;„, (3.17) 

Korzia 0 JiejKHT Me»cziy 0- 180° , mmccm O MCHbiue 1 , cjieztoBaxejibHo 

AG' <AG* . (3.18) 

ripii ^ paBHO HyjiK), MMeeM ct> paBHo Hyjiro, Tor^a 

ag;, = 0 . 

TaKHM o6pa30M, npw AG*^, pasHO nyjiio SHcprHH rexeporeHHoro aapo^/icHMH xa 
^e, Mxo xpe6yexcH jxjih roMoreHHoro sapo^^eHH^. B sxom cjiynae Hex cpozicxBa MeyKjiy 
noBepxHOcxbK) AaHHoro KpHcxajijiHHecKoro xBep^oro xejia m MHopo/iHoro xBepzioro xe- 
jia. B cJiyMae nacxuMHoro cpoAcxBa, Kor/ia 0 6ojibme Hyjia m MeHbUie 180 aapo^^e- 
HMe o6jierHeHO. IlpM nojiHOM cpozicxBe ( 0 paBHO nyjiKD) b pacxBope He o6pa3yexcH 
sapo /tbimeH. . 



nocKOJibKy jiJifi rexeporeHHoro aapojK^eHHH AG*^, MeHbuie hjim paBHo AG JierKO 
BM/iexb [cpaBHMxe c ypaBHeHMCM (3.12)] , mxo 3jxecb 3apoAbimeo6pa30BaHMe HMeex 
Mecxo npM nepecbimeHMHX MeHbuiHX, neu xpe6yexcH jxJifi cnoHxanHoro 3apozibiuieo6- 
pasoBaHHH" [8]. 

M3 H3Jio:HceHHOM xeopHH KpHCxajiJiHsauHH cjie^yex, hxo caMbift Ba^KHbiii KpMXepMM 
npH rexeporeHHOH KpMcxajiJiH3auMH HBJiaexcH 4)yHKUHH (S>{0) , Koxopaa xapaKxepMsy- 
ex sHeprexHMecKMe h cxpyKxypHbie CBoftcxBa HHopoAHofl rexeporeHHOH noBepxHocxM. 




npM MaKCHMajibHOM SHeprexHHecKOM cpoACTBe Bbiiirpbim b pa6oTe o6pa30BaHH5i Kpn- 
THMecKoro aapoAMina cymecTBeHHbift . 

B paccMaxpHBaeMOM cnoco6e pocxa KpncxajiJioB ajiMaaa h3 JKHZtKofl 4)a3bi (6Hxy- 
Mbi), Koxopan no coBpeMeHHbiM jxauHhiM ecxb MHKporexeporeHHaH ztHcnepcHan >Kiiji- 

KOCXb [9, 10, 11]. CjIO^Hblii COCXaB 6MXyMOB, KOXOpblft COCXOMX B OCHOBHOM 113 XaKHX 

KOMnoHeHxoB, KaK ac4)ajibxeHbi, CMOJibi h BbicoKOMOJieKyjiHpHbie yrjieBoziopo^bi (Mac- 

Jia).B OCHOBHOM 3XMMH KOMHOHeHXaMH ORpe/ieJIHIOXCH CyiUCCXBeKHbie CBOHCXSa 6Hxy- 

MOB. Ac(|)ajibxeHbi b 6HxyMax - axo HaH6ojiee BbicoKOMOJieKyjinpHbie yr.?ieBO/iopo/i;bi, b 
Koxopbix cocpe/ioxoHeHbi, Bce co/iep^aiu.HecH b He4)XHX Mexajijibi V ,Ni ,Fe , Co , Mn 
M /tp., 6ojibUiaH nacxb a30Ta, KHCjiopo/ia h cepbi [ll,c.8]. Mojienyjia ac4)ajibreHOB b 
OCHOBHOM cocxoHx H3 axoMOB yvjiepojxa (80-85 %), a oxHomeHHe axoMOB yrjiepo/ia k 
axoMaM BOAopo/ia C:H KOJie6jiexcH b npe/tejiax ox 0,8 /lo 0,87. Co/iep^aHMe rexepoa- 
xoMOB (MexajiJioB, KMCjiopoAa, a3oxa, cepbi) cocxaBJinex ox 5 jxo 11-14% [9,16]. Accfja- 

JlbXeHbl HBJIHIOXCH npO/iyKXaMH KOHAeHCaUMM CMOJI. YcxanOBJieHO, HXO 3XH JXBa KOMnO- 

Henxa (cmojim h accj^ajibxenbi ) npH onpeziejieHHbix ycjioBHHX Moryx nepexoAMXb jxpyr 
B Apyra. B 6HxyMax cmojim hbjihioxc5i njiacxncJ^HKaxopaMH ac(|)ajibxeHOB m o6jiaziaK)x 
xopomeii pacxBopHMOCxbio b He4)XHHbix yrjieBo/iopoziax. Orjimne cmoji ox ac4)ajibxe- 
HOB xapaKxepH3yexcH MeHbiueii MOJieKyjEHpHofi Maccoft (500 - 1200 ), xor^a KaK accj^a- 
jibxeHbi MMeK)x cpezi.HK)K) MOJieKyjiapnyK) Maccy (900 - 6000) [9 c.32]. Ac4)a;ibxeHbi b 
oxjiHHHe ox cMOJi npM HarpcBaHMH He njiannxcH, a pa3jiaraioxcH b HHxepBajie xeMnepa- 
xyp 175 - 240° Ch MaKCMMajibHoe kojimmccxbo ac4)ajibxeHOB b 6HxyMax mo^kcx ziocxm- 
raxb 40% [9]. Cpe/tH Bcex KOMnoHCHxoB 6MxyMa HaH6ojiee BbicoKonojiHpHbiMH hbjihkdx- 
CR accJ^ajibxeHbi, noaxoMy xaKoii nojiH^HcnepcHbiM pacxBop, KaK 6HxyM, paccMaxpMBaK3x 
KaK pacxBo p IIAB b yrjieBo/topo/tax. 

npH KJiaCCH4)HKaLlHH npHpO/lHblX aJIMaSOB 6bIJIM Bbl/ieJieHbl /teCHXb paSHOBHAHOCXefl 

ajiMa30B [12] no BnemHHM npHSnaKaM. Anamis srnx pa3HOBMZiHocxeM noKa3biBaex,MXo 
jiayKe b npcACJiax ojinoik pa3HOBMziHocxH nex jxByx MAenxHHHbix KpHCxa/ijioB, KaK no 
xHMMHecKOMy cocxaBy, zie4)eKX0B b cxpyKxype KpncxajiJioB, MOp4)OJiorHM h pasjiHMHbix 

4)H3HKO-XMMHHeCKHX XapaKXCpHCXHK. 3xOX Ba^HeMUIHH 4>aKXHHeCKHH MaXCpHajI, KOXO- 
pblft yKasbiBaex, hxo He ycjiOBHH KpMcxaji;iH3auMH, a hcxohhmk yrjiepo/iHoro MaxepHajia 
xojibKO MO^Kex jiBTb xaKoe MHoroo6pa3He KpncxajiJioB ajiMasa. A noJiMKpMcxajiJiHHecKHe 
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ajiMasbi HBHO yKasbiBaiOT na cjio:«CHbiH mctomhmk yrjiepoAHoro MarepMajia no cBoeMy 
cocxaBy m cxpoeHHio. Bonee roro, Korzia mm o6paTMMCH k HH4)opMauMM 06 sjieMeHxax 
npMMecHX B KpHCxajiJiax ajiMaaa, xo o6Hapy^HBaexcH, hxo 3xh npMMecM M/ieHXMMHbi 
npMMecHM rexepoaxoMOB b 6HxyMax [9,11,14]. 

12^/ 

Heo6xoAHMO oxMexHXb OHCHb Ba^HbiM noKaaaxejib, KaK oxHouieHMe y\3^^ pasHoe 

90,9, JXJi^ 6MxyM0B [13, c.l06], a jxjih npHpoziHbix ajiMaaoB 9xo oxHomeHMC Haxo/iHXCH 
B npe/iejiax ox 89,55 jio 91,55 ( ajiMaabi Kap6oHazio, X pasHOBHAHOcxb) [12, c.34]. 
KaK M3BecxHO, KHM6epjmxoBaM Marna He o6jiaAaex hh xaKWM MSoxonHbiM cocxaBOM, 

HH XaKHMH SJieMCHXaMH-npHMeCHMH, KaK aJIMaa H 6HXyM B XOM KOJIHMeCXBeHHOM co- 

OXHOUieHHH. 

HsBecxHO, Mxo npM xepMHHecKoii AecxpyKuwM xh^cjioxo HecJjxHHoro cbipbH, ryjipo- 
Ha, KoxopbiH HBJiHexcH cbipbCM A-^H npoH3BOACXBa 6HxyMOB, KOHeHHbiM npo/iyKXOM 

eCXb KOKC [11]. CaMblMH Ba:>KHbIMH KOMHOHeHXaMH ry/ipOHOB H 6HXyMOB, nepeXOHUlHMH 

B KOKC, HBJiHK)xcH cMOJibi M accJ^ajibxcHbi . BbixoA KOKca H3 acc|)ajibxeHOB AOcxHiaex 57 - 
75,5 % [14, C.51], a hs paajiMMHbix bhaob cmoji m 31 % [ll;14,c.51]. OziHaKo Bbixozi 
KOKca mo:^ho noBbicHXb, yBCJiMHHBaH b MCXo/tHOM cbipbe KOJiMHecxBo ac4)a.7ibxeHbB h 
cMOJi [9,11,16]. 

B npouecce xepMMMecKofl ^ecxpyKUHH xa^ejibix HecJjxjiHbix ocxaxKOB h 6MxyMOB 
npoMCxoAHx cjio^Hbie xHMHHecKHe peaKUHH b roMoreHHOw 4)a3e no oxHouieHMK) k ko- 
HeMHOMy npoz^yKxy - KOKcy, B sxom cjio^khom npouecce BbiAeJiHK)x caMbie BancHbie 
axanbi npoxeKannH peaKUMM, Koxopbie npMHHXo xapaKxepM30Baxb, KaK peaKUHH pac- 
najia m KaK peaKunn KOH^eHcauHH. PeaKUMM pacna/ia XH:acejioxo HecJjxHHoro cbipbH 
(ryApoHbi, 6HxyMbi ) conpoBO^AaK)xc^ SHAoxepMMHecKHMH 3(})(|)eKxaMH, a peaKUHH ko- 

HAeHCaUHH COnpOBO^ZiaroXCH CWJIbHblMH 3K30XepMHHeCKMlVtH~3(|)4)eKXaMH-H"K-KOHUy 

npouecca /lecxpyKUHM npMo6pexaK)x xapaKxep nenHbix [8, c. 93-95]. TaK KaK peaKUHM 
npoxeKaKDX b ^hakoh 4)a3e, xo uejiecoo6pa3HO KanecxBCHHo paccMoxpexb 3xox npo - 
uecc. B npouecce KOH/teHcamiH (ynjioxHeHMn) ^makhx yrjieBo/iopozioB 3HaMHxeJibHyK) 
pojib HFpaex AaBJieHHe. 

MsBCcxHoe cooxHouieHHe h3 xHMHHecKoii xepMOAHHaMMKM, FAe KOHCxanxa paBHOBe- 

CHH K XHMHHeCKOH pCaKUHH 3aBHCHX HC XOJIbKO OX XCMHCpaxy pbl , HO M OX AaBJICHMH, 

M npH nocxoHHHOH xeMnepaxype Macxnan npOHSBOAnaa ox 3HeprHM rM66ca no AaBJie- 
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HMio Bbipa^aexcH [15,19] 



1 4? j V 4^ 



= -AF , (3-19) 



T 

rzie AV - HSMeHCHHe SHeprHH rM66ca b peayjibxaxe peaKUMM pacna/ia h ynjioTHeHM5i 
(KOH/ieHcauiHH) B MHKporexeporeHHOM pacTBOpe (ry^poH, 6MxyM) xa^KCJibix yrjieBo- 
ZlopoAOB; K - KOHCxaHxa peaKuuft paBHOBecnn paccMaxpHBaeMbix peaKUMM; AV - M3Me 
HCHHe o6beMa pacxBopa b peayjibxaxe xepMOAecxpyKixMM xH^ejioro He(|)XHHoro cbipbH. 

KaK cjiejiyer h3 xeopHH a6cojiioxHbix cKopocxeft peaKUMH, aaBHCHMOCXb cKOpocxH 
ynjioxHeHHH, a HMeHHO 3xh peaKUMM mm paccMaxpMBaeM, Koxopbie co/iep^Kax b ce6e pe 
aKUHH pacna/ia KaK cjiMXHbift MexaHHSM, mo^ho aanHcaxb: 

f^MfO] (3 20) 

B 3XOM cooxHomeHMH BejiHHMHa AV * ecxb M3MeHeHMe aKXMBauHOHHoro o6beMa no ny 
XH peaKiXHH, KOxopbiH npe/icxaBJiHex co6om ABH^eHMe no aHeprexHHecKoft noBepXHoc- 
XH. HsMeneHHe aKXHBaunoHHoro o6beMa, k KoxopoMy npH6jiH^aexcH peaKixnoHHa^ cm- 
cxeMa, Bbipa^aexcH cooxHomeHHeM 

AF*-F. -Fo , (3.21) 

r/te F^* - aKXHsauHOKHbiH o6beM peaKLinoHHoro pacxBopa x5i>Kejibix yrjieBo/iopoAOB, a 
Vq - HCXoOTbiH o6beM 3XOXO pacxBopa. B aKXHBaunoHHOM o6beMe b peayjibxaxe 
KOH/ieHcau,HH npoHcxo/iHx yBcxKMCHMe KaK KOJiMHecxBa accJjajibxeHOB, xaK m caMoii mo- 
jieKyjiHpHOH Maccbi accJ^ajibxenoB [9,11, c. 38-40], b cooxbcxcxbhm c 3xmm ^BM:^eHMeM 
Boapacxaex njioxHOcxb pacxBopa, BCJiezicxBHe oxpnuaxejibHoro MSivieHeHHH AV * . 

B COOXBCXCXBHM C n0JI03KeHHHMM COBpeMeHHOM XCOpHH, 3XH MSMeHeHMH yHMXbIBaK)X- 



CH 

AV* = AJ^; ^AV;^ (3.22) 

B 3XOM paBencxBC AV* - MSMCHeHHe o6beMa pearHpyK)iu,Mx MOjieKyji, npH o6pa30BaHMH 
M3 HMX aKXMBHpoBaHHoro KOMnjiCKca. 3xo nojio^cHHe MO>KHo paccMaxpMBaxb KaK ne- 
pexoA cMOJi B accJ^ajibxcHbi, xaK m M3MeHeHMe MOJieKyjinpnoH Maccbi ac4>ajibxeHOB. Bxo 
pan cocxaBJiHK)maH ypaBHCHMH (3.22) AV*^- uenhuie nyjiH - M3MeHeHMe o6'beMa pacx- 
BopMxejiH, conpoBO^/iaiomee nepexoz^ k aKXHBHpoBaHHOMy KOMn^eKcy [15, c.243 ]. 
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06e BeJiMMMHbi AV„: m ak,; MCHbiue nynn m, cooTseTCTBeHHO AV' MeHbUie nynfi , to 
peaKUHH KOH/ieHcamiH 6yflyT SHaMMxejibHO ycKopHXbCH npn noBbimeHiiM aasneHUH a 

CHCTCMe. npOBO/lH pcaKUHlO K KOHCHHOH TOMKe, Mbl HOJiyMMM npOAyKT peaKUHM " KOKC. 

PaccMOxpHM Tenepb rexeporeHHyro peaKUHKD ^lerMApHpoBaHHH xnacejibix yr^ieBOAopoflOB 
(6HxyMa), KOHeHHbiM npoziyKxoM Koxopoft HBJinexcH KpHCxajiJiHMecKMH yrjiepofl-ajiMaa. 

B npHpoAHbix ycjioBHHX 6HxyMOBMemaiomHMH nopo/iaMH b ochobhom HBJiaioxcfl ao- 
jioMHXbi, H3BecxHHKH H necMaHHHKH [9,16]. 3xH BMemawmwe nopozibi H c;iy>Kax Kaxa- 
jiHsaxopaMH npH KpucxajiJiMsauHn ajiMaaa. 

Azicop6uHH KOMnoHCHXOB 6HxyMa Ha noBepxHOcxH sxhx nopo^, Koxopbie npexepne- 
Baiox pm cymecxBeHHbix npeBpaiueHHH [9; 11, c.56]. B nopw sxhx MHHepajioB npoHH- 
Kaiox KOMnoHCHXbi 6HxyMOB c oxHocHxejibHO HH3KOH MOJieKyjiHpHOH Maccoii. Hanpo- 
XHB, yr^ieBOAOpoflbi c oxHocHxeJibHo bhcokoh MOJieKyjiHpHoii Maccoit, KaK cmojiw h ac- 
4)ajibTeHbi, azicop6HpyiOTCH na BHeiuHeii noBepxHOcxH 6HxyMOBMemaK)mHX MUHepa- 
jiob. Cneayer oxMexMXb, hxo 6HxyMOBMecxHMOcxb axHx nopoA MMeex 3HaHHxejibHyK> 
BejiHHHHy, aocxHraa 50% no Macce ox eeca nopoabi. TaKHM o6pa30M, njieHKa 6MxyMa, 
noKpbiBaiomaH BHeuiHiOK) noBepxHocxb paccMaxpHBaeMbix MunepajioB b ochobhom coc- 
xoMX H3 cMOJi H acfJ^ajibxeHOB, Koxopbie HBJiHioxcH HaH6ojiee nojinpHbiMH komhohch- 
xaMH 6HxyMa. 

npH Harpese xaKOH 6HxyMOBMemaiomeH nopoflw ao xeMnepaxyp 500-600 "C 6yAyx 
npoxeKaxb npoueccbi flerHflpi-ipoBaHMfl, flHcnponopuHOHHpoBaHMfl h noJiMKOHaencauMH 
[11,14], pesyjibxaxoM Koxopbix ecxb jierKHe napora30Bbie yrJicBOAopoAbi h BOAopo^. 
BbiAeJiHiomMiicH BOAopoA KaK B axoMapHOH 4)opMe, xaK h b MOJieKyjiapHoft 6yflex cop- 
6HpoBaxbCH 6MxyMOBMemaiomMMH nopoAaMH. norJioweHMe BOAopoAa npoHcxoAMx b 
(|)0pMe-xeMQGQp6uHH,-T.e.-B-ax.0MapHQH4^^PMe^n eHCTBHTeJibH0, 3KcnepHMeHxa.7ib H]Me_ 
(|)aKXbi noAXBepjKAaiox sxo nojiomeHHe o xeMocop6uHM BOAopoAa na noBepxHocxH pa- 
ccMaxpHBaeMHx MHHepajioB. YcxaHOBJieHo, hxo BOAopoA o6jiaAaex SHaHHxejibHofi npo- 
HHuaeMOcxbKD B KBapue, nanpHMep, npw 500 ' K KOB^^nixnem npoHMuaeMocxH boao- 
poAa 

A. =00108 •10"'^ MOJib m/m c na , (3.23) 

a K03(|)4)HUHeHT jm<^<^y3Mii BOAOpOAa 

Z)„ =U.10-'^-m/c , (3.24) 
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npH TeMnepaxype 750^K stm BejiHHHHbi BoapacraiOT cooTBexcxBeHHo 

= 0^^6^l0'^^ MOJlf m/ M^C^ IJa (3.25) 

D^^3.\0-''-'M/^ . (3.26) 

KaK BHOTO H3 3XHX SKCnepHMeHXaJIbHblX ZtaHHblX no BOAOpOAOnpOHHLiaeMOCXM KBa- 

5 pua cjieAyex, hxo SHaMiixejibHoe BoapacxaHHe BOAOpo/i.onpoHMU.aeMocxM npoiicxo/iHx 
npH noBbimeHHH xeMnepaxypbi. B xo >Ke BpeMH npoHimaeMocxb yrjieBOAOpoziHbix ra- 
30B, Koxopbie BbiAeJiHioxcH B npotiecce Aern/ipHpoBaHHH, nanpHMep, Mexana b xom 3Ke 
KBapue npH 750 K034)4)HUiMeHX jxu^^ysmi HMeex SHaneHHe 

DcH, =6#10-'' , (3.27) 

^^10 HXO Ha OAHHHaAuaxb nopHZiKOB MCHbuie HCM Boztopo^a [17, c. 119-120]. ^aHHbie o xe- 
Mocop6iJiHH Bo;i.opoAa Ha oKMCJiax b yc/ioBHHX /lerMzipHpoBaHHH noKasbmaiox , mxo a/i- 
cop6iiHii yrjiCBOAopoAOB (napa4)HHOB, ojie(|>HHOB) MCHbiiie hcm aAcop6uMH Boztopo/ia. 
TaK, npH 500-700 Bojiopo ji xeMocop6MpyexcH Kaxa/[H3axopoM h aaziep^MBaexcH b 
peaKxope [17]. TaKHM o6pa30M, peaKUHH /lerH/ipMpoBaHMji conpoBo^^aexcH xeMocop- 
15 6uHeH Bo/topo/ia na noBepxHocxH 6HxyMOBMemaK)uuHX MnnepajioB, paccMaxpHsaeMbix 

HaMH, npHBOAHX K 450pMHpOBaHHK) XexepOreHHOM nOBepXHOCXH, Ha KOXOpoft B03M0^H0 

3apo>KAeHHe ixeHxpoB KpHcxajiJiMsauHH ajiMasa. 

C BbiAejieHHeM napora3oo6pa3Hbix yrjieBOAOpo/ioB npoMcxo/tHX ynjioxHCHMe 6HxyMa 
H HOHH^eHHc cbo6o/i;hoh sHeprHH. H3 jiSiHHhix xepMorpa4)HHecKoro aHa./iM3a mcxo/iom 

20 TJXA (/i;H4)4)epeHH;HajibHbiH xepMorpa(J)HHecKMH aHajiH3) [18, c.351] pa3jiHHHbix MapoK 
6HxyMa cjie/iyex, hxo b npoicecce narpeBa BbizieJiaioxcH necKOJibKO 3H;toxepMMHecKMX 
34)4)eKXOB H ojxhh 3K3oxepMHHecKHM 34)4)eKX. 3H/ioxepMHHecKHe 34)4)eKXbi xapaKxepM- 

a yioxcH paaMHFHeHHeM, n/iaBJi eHHeM, raaoBbi/iejieHHeM m3 pacnjiasa m BxopMHHbiM njia- 

BJieHHeM c rasoBbiziejieHHeM. 3K303(J)c|)eKX pacnojio^eH ueyKjiy ra30Bbi/i.ejieHHeM m3 pa- 

25 cnjiaBa m BXOpMHHbiM HJiaBJieHHeM, Koxopoe xaK>Ke conpoBo:»CAaexcH ra30BbiAeJieHHeM. 
JXji^ 3K3034)(|)eKxa xapaKxepHO, hxo b 3xom o6jiacxH xeMnepaxyp npOMcxo/tiix aaxBe- 
p^eBaHHC M HpeKpameHHe rasoBbi/iejieHHH. 3xo oneHb Ba^Hbift momchx b xepMO/ie- 
cxpyKUHH XBepAMX yrjicBo/iopozioB. B axox momchx npoMCXo/tHX ynjioxHeHMe 6HxyMa, 
conpoBo^ZtaiomeecH B03pacxaHHeM KaK MOJieKyjinpHoft Maccbi accJiajibxeHOB, xaK m 

30 caMHX accJ^ajibxenoB [9; 1 l,c.39].Bo3pacxaHMe npoucHXHoro co/iep^aHHH accJ^ajibxenoB 
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npOHCXO/lMT 3a CMCT CMOJIHCTOH KOMnOHCHTbl 6HTyMa. OnHCaHHblH 3K303(j5cl)eKT OTHO- 

CMTCH K ac^jajifaxaM h accjjajibTHxaM, Koxopbift HaxoAHTca b oahom xeMnepaTypHOM hh- 
xepBajie 300-400 C . 06pa30BaBuiHHc« noBepxHOCxHbiH cjiom na Macximax paccMaxpH- 
BaeMbix MHHepajioB mo>kho Bbipa3HXb cxeMaxMMecKH b cooxbcxcxbhh [19, c.234] 

B axoii cxene oxpa»ceH npouecc o6pa30BaHHH KOKca, Koxopbifi o6pa3yexcH KaK cxa- 
AHHHbiH npouecc no roMoreHHoii peaKUHM. Kor^a peaKUHH npoxcKaex no rexeporen- 
HOMy MexaHH3My, pesy^ibxaxoM peaKunn hbjihcxch KpHcxajiJiMMecKHH yrjiepofl (ajiMas). 
rexeporeHHbiH nyxb peaKUHH, paccMaxpuBaeMofi naMH, xapaKxepHsyexcH mohoc^ohhmm 
noKpbiXHeM noaepxHOCXH MHHepajioB xeMocop6HpoBaHHbiM BO/iopoAOM.TaKHe noBepx- 
HocxH HMeiox KaMecxBCHHO HHbie xapaKxepHcxHKH, HCM noBepxHocxb paccMaxpnaaeMbix 
MHHepajioB. TaK b pa6oxe [20, c.83] nccjieflOBaHbi noBepxHocxH okchaob ZnO m TiO, 
npH xeMOCop6uHH BOflopozia MSMenaexcH sapfia noBepxHocxn na Kpncxa/iJiax ZnO. 

Cjieayex oxMCxnxb, mxo njioxHOCxb noBepxHocxHbix cocxohhhh B03pacxaex no 
10'^ CM sa cMex BO/iopoziHbix AOHopoB. 3a cnex axoro yBejinneHMfl noBepxHocxHon njio- 
XHOCXH 3;ieKxpoHOB yMeHbuiaexcfl pa6oxa Bbixo^a [20, c.83] h BoaHMKajomne noBepx- 
HocxHbie cocxoHHHH pacno.ao>KeHbi b 3anpemeHHOH aoHe [17, c.lOO]. 3xh BHOBb npno6 
pexeHHbie cBoiicxBa noBepxHOCxH npn xeMocop6uHH BOAopoaa cosflarox KanecxBeHHO 
HHyK) noBepXHOCXb. Ha xaKoft noBcpxHocxM B03M0»:Ha a/icop6uMH c o6pa30BaHHeM hh- 
cxo KOBajieHXHbix CBHsefi. 

HajioHceHHbift npHHUHn KpMcxajiJinaauHM ajiMaaa 6biJi noAXBepJK^eH SKcnepuMeH- 
xa.nbHO. B npoBeaeHHbix SKcnepHMCHxax ncnoJibSOBajiHCb xaKne KaxajiMsaxopbi KaK 
necHaHHHK, npHpoAHbifl hsbccxkhk h CMCCb 3XHX MMHepajlOB B pasjiHHHbix nponopuH- 
zx. hojiee xoro, 6bin npr,nfr\p» 3Kr.nepHMeHx c ao poaKHbiM ac(| 3ajibXo6ex oHHbiM no Kpbi- 
XHCM, Koxopoe nocjie AJiHxejibHoft SKcnjiyaxaunn (npH6jiH3KeHHo 10 jiex) ACMOHXHpoBa 
jiocb. /leMOHXHpoBaHHoe flopo»cHoe noKpbixne nepejo, npoBCAeHHeM SKcnepHMCHxa 
HSMCJibHajiocb H 3aKJia;ibiBajiocb b kohxchhcp b KOJii«ecxBe 70 r. DoBepx axoii peaK- 
UHOHHOH 6HxyMHH03Hoft nopoflbi sacbinajicfl nopoiJiKoo6pa3HbiH ueojiMX hjih repMexn- 
aauMH napoo6pa3Hbix yrjieBo^opo/ioB, o6pa3yK)iuMXCH b npouecce xepMMHecKofi Aecx- 
pyKUHH 6HxyMa. 

B pe3yjibxaxe npoBe/ieHHbix SKcnepHMeHxoB no/iyMeHbi OKpyrJXbie KpHCxajiJibi aji- 




Maaa KaK npoapanHbie, xaK h MOJioHHo-6ejioro ueexa (4)oto 1,2). Tcm caMbiM 6bi;i 
ZioKasaH HSJio^eHHbm npHHunn KpMCTajijiHaamiM ajiMaaa, Koxopbifi peajiMsyercH b 
npHpoAHbix ycJioBHHx B KHM6epjiHTOBbix Tpy6Kax. 

npH rexeporeHHoii KpHcxajiJiHaanMH ajiMasa h3 BbicoKOxeMnepaxypHoro pacxBopa 
6HxyMa Ha KaxajiHsaxopax h3 npHpo^bix MiiHepajioB, paccMOXpeHHbix Bbime, Ha6jiio- 
AaexcH oneHb hm3khh Bbixo/i KpHCxajiJioB ajiMasa, He 6ojiee 1% ox MaxepHHCKoro pac- 

XBOpa HJIH 0,2% ox Beca 6HXyMHH03HOft nOpO/lbl. 3X0 MaKCHMajIbHblil BblXOA KpMcxaji- 

jioB, aaperMcxpHpoBaHHbiH npH npoBCAeHMM SKcnepnMeHxoB c 3xhm xmhom Kaxajinsaxo- 
poB H 6HxyMa, He noj^BepxaBuierocH xepMoo6pa6oxKe. 

TexHHHecKaH peajiHsauHH paccMoxpeHHoro Mexo/ta rexeporeHHoft KpHcxaji.xM3aHHH 
h3 BbicoKoxeMHcpaxypHbix pacxBOpoB xH^Kejibix yrjieBo/iopoAOB noxpe6oBajia noMCKa 
6ojiee coBepmeHHbix KaxajiMsaxopoB. DpoBeAeHnbiH hohck HaH6ojiee Si^cJieKXMBHbix 
KaxajiH3axopoB, Koxopbift He HcnepHbiBaex Bcero MHoroo6pa3HH cymecxByiomMx Kaxa- 
jiHsaxopoB, no3BOJiHJi HaftxH 6oJiee acJ^cJjeKXHBHbie. 3xmmm KaxajiHsaxopaMM oKaaajiMCb 
MCJiKOAHcnepcHbie nopouiKH mejiesa m sjieKxpojiHXHHecKoro HHKejiH. HpoBeAenHbie 3k- 
cnepHMenxbi c npHMeneHHeM nopoiuKOB :^ejie3a h sjieKxpojinxMnecKoro hmkcjih b paa- 
jiHHHbix nponopuHHx no3BOJiHJiH yBejiMHMXb BbixoA KpHcxajijioB ajiMa3a ^,o 60% na hc- 
xoAHoe cbipbe (6HxyM). 

PaccMoxpHM KanecxBeHHO 4)H3HHecKMe npoueccbi, Koxopbie npoHcxo/iHX npM KpHC- 
xajiJiH3auHH ajiMaaa h3 xBep^bix yrjieBo/iopoAOB xnna 6HxyM. TaK KaK caMbiM BancHbiM 
cymecxBeHHbiM MOMenxoM npH KpHcxajiJiM3aLi.HM ajiMaaa HBJiHexcH Bbi/ieji5iiouj.MftcH bo- 
AopOA M3 KpHcxajiJiH3yiomerocH pacxBopa m B3aHMO/i.eMCXBHe ero c Kaxa^MsaxopoM 
(Fe, Ni), xo Heo6xo/i.HMO axox momchx paccMox-pexb [21,22]. 

"n pOUeCC HpOHHKHOBeHH^ MOJICKyJI BO/lOpO/ia CKB03b MexaJIJIbl BKJIKDHaeX B ce6fL 

HecKOJibKo aKXMBHpoBaHHbix cxa/iMH: /iHccoHHaxMBHaH xeMOCop6uMH, nepexoA h3 
azi.cop6HpoBaHHoro cocxohhmh b a6cop6MpoBaHHoe (pacxBopeHHe), jxn^^ysHH b o6xDeM 
MexajiJia. 

AxoMbi BOAopo/ia B rasoBOH 4>a3e o6jiazi.aiox noBbimeHHOH no cpasHeHMK) c MOJieKy- 
jiHpHbiM BOAopoz^oM noxeHU.HajibHOH SHeprHefi -2 sB b pesyjibxaxe paapbiBa XHMHMec- 
KOH CBH3M B MOJicKyjie Bo^opoAa sB. 3xa noBbimeHHaii noxeHUHajibHan SHeprnn Bbi- 
AejiHexcH B MOMCHX KOHxaKxa axoMa c MexajiJiMHecKOH noBepxHocxbio (xenjioxa xeivto- 
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cop6uHH B cHCTCMe H— Fe Q pasHa 133 KZl>K/MOJib, b cucxeMe H- — Ni Q pasHa 
125 KjXyKi/MOJib [22,23]) m nepexoAWT b ochobhom b KOJie6aTe;ibHyio aHeprwio noBep- 
XHOCTHbix axoMOB NiexajiJia. JXsisi aroMapHoro BoziopoAa npouecc pacTBopeHMJi ecerjxa 

3K30TepMHHeH. " 

XeMOCOp6uMH BOAOpoAa MO^cex oKaabisaxb cymecxBeHHoe BJiMHHwe Ha nsMeHeHMe 
pa6oxbi Bbixo^a nexajiJioB. B HCKOxopbix cjiynaHX npii HacwuieHMH noBepxHocxM 

BOAOpoflOM MSMeHCHHe pa6oxbi Bbixo/ia ^locxMraex noMXM 1 aB, oziHaKo, b 6o/tbiiiHHCxBe 
cjiynaeB HSMeHCHHe He npeBbimaex 0,4 sB, npn axoM snaK HSMeHenHH Moacex 6bixb 
KaK nojio»:HxejibHbiM, xaK m oxpHuaxejibHbiM [22,25]." 3xo Ba>KHaH aneprexKMecKaa 
xapaKxepHCXHKa noBepxHocxM, nocKOJibKy Me^c^y pa6oxoH BWXoAa h noBepXHOCXHoii 
SHeprHeft cymecxsyex aaBHCHMOcxb [25] 



^ = 1. , (3.28) 

5 n^N^a 



Tue 4>' pa6oTa Bbixo^a ajieKxpoHa m3 xeMocop6HpoBaHHOM noBepxHocxH MexajiJia, 
N - HHCJio ABoraApo, a - napaMCTp pemexKM MexajiJia. 

npH paccMoxpeHHH (jDopMiipyKDmeiiCH rpaHimbi Ha xeMocop6iipoBaHHOH noeepx- 
HOCXH MexajiJia, cocxoHUueft m3 nojinKOH/ieHCMpoBaHHOM njieHKH 6MxyMa, nocxeneHHo 
nepexoAHineft b KpMcxajiJiMHecKyio cJ^opMy yrjiepo^i-ajiMaa . 

Bbi/tejiHiomMMCH BO/iopozi M3 pacxBOpa 6HxyMa, noKpbiBaK)mero aepna Kaxajiwaaxopa 
6yziex xeMOcop6MpoBaxbCH Ha noBepxHOcxH MexajiJioB KaxajiMsaxopoB. B noBepxHocx- 
OM cjioe MexajiJiHMecKoro aepna KaxajiHsaxopa npoxeKaiox KaK npoueccbi xeMOcop6uMH, 
xaK H poueccbi a6cop6uHH axoMOB BOAopo/ia. B peayjibxaxe sxhx npoueccoB o6pa3yex- 
CH nepexo/iHaH aoHa b o6jiacxH ^M/iKoro 6HxyMa, xm KOHuenxpauMH BOAopozia 
cxpeMHxr^ K HyjiK) , a co cxopoHbi MexajiJiMMecKOH nosepxHOCxH KaxajiMsaxopa 
cxpeMMXCH K e^HHHue , x.e., Kor^^a noBepxHocxb noJiHocxbK) noKpbixa xeMOcop6MpoBa- 
HHbiM BO/iopoAOM. TaKHM o6pa30M, B03HMKaex ABH>KymaH cHJia npouecca Kpncxaji- 

JIHSaUHH. 

"MHoroMHCJieHHbie 3KcnepMMeHxa;ibHbie AanHbie ^OKaabiBaiox Henocpe/tcxBenHyK) 
CBH3b Me^Ay noBepxHocxHbiM (Me^4)a3HbiM) HaxH^eHHeM a m cKanKOM hjioxhocxm na 
rpaHHue paa^eJia 4)a3. TaK, a cooxBexcxBWM c c|)opMyjioM BaMMHCKoro [26] 

5{p)^A.o- , (3-29) 



• m 



T^,e A - HeKOTopan nocTOHKHan jXJisi ziaHHOM napM (|)a3, a - noBepxHOCXHoe HaxH^e- 
HHe. TaKHM o6pa30M, b o6meM cjiynae Hapn/ty co CKaMKOM xeMnepaxypbi Ha Me^4>a- 
3HOH rpaHMue h ee npoHSBOAHbix no BpeMCHii, OTH^ymeii cmjioh npouecca yiBJinexcH 
xaK3Ke H BejiHHMHa Me^4)a3HOH yAejibHoii cbo6oahoh SHeprMH [27]". 

TaKHM 06pa30M, C(J)OpMMpOBaHHbIH AHC|)4)y3MOHHbIH CJIOM, XOJimHHOM S HOJIMKO- 

HAeHCHpoBaHHbix yrjieBOAopozioB 6HxyMa n o6eziHeHHbiH BOZtopozioM, 6y/iex a^cop- 
6HpoBaxbCH Ha xeMOcop6HpoBaHHOM Bo/iopoAHOH noBepxHOcxH Mexajijia-KaxajiH3axopa. 
TaK KaK cBo6oAHaH SHepriiH pacxBopa 6HxyMa Mo^ex xojibKO noHH:)KaxbCH b npouecce 
xepMHMecKOM AecxpyKUMM, xo aAcop6uHH yxjiepo/ia ecxb npouecc 3K3oxepMMHecKMH. 
BbiAeJinromeecH xenjio npn xeMocop6uMM BOAopoAa , h BbwejiHioiueecH xenjio npn 
a/icop6uHH yvJiepom Qc 6yAyT cKJiaAbiBaxbcn 

Qr-Qn-^Qc ^ (3.30) 
r^e Hepe3 o6o3Ha™jiH o6mee xenjio peaKunn KpncxajiJiHsauHH, Koxopoe m HBJinexcH 

ABH5KymeH cHJioii npouecca KpncxajiJiHsauHH. 

Tenepb, Korzia pacKpbix 4)H3HHecKHH MexaHH3M KpHcxajiJiH3auMH ajiMasa mo>kho 
nepeftxH k KHHexHHecKOMy onMcaHHio npouecca KpHcxa.^jiH3auHM, H3Jio>KeHHoro b 
pa6oxe [8, c.92]. 

"Kor/ta pocx }icecxKo orpaHHMeH o6beMHOH jin(^<jpy3\ieH, noxoK Maccbi y^pacxBopa 
M3 o6i.eMa pacxBopa c KOHueHxpauHeii yrjiepozia o6ycjiOBJieH o6i>eMHOH m<ip(^y- 
3HeH, a xaK^e jm^^ysnePi Apeflcl^oBoro noxoKa h 3aAaexcH Bbipa^eHMCM 

J„.=D'P.'^ + J.*c , (3.31) 

ax 

Tjie x - paccxoHHHe ox rpaHM KpncxajiJia, a - njioxHocxb pacxBopa. 
eKopocxb-pocxa-paBHa — ~ 



K = :^ = £^- Infill , (3-32) 



r^e - njioxHOCXb ajiMasa, C h Q- KOHueHxpauHH yrjiepoAa b pacxBope (x 6oJibme 
5 ) M Ha noBepxHOCXH KpncxajiJia (x pasHO 0) cooxbcxcxbchho, a J - TOJimnna amcJ)- 
4)y3MOHHoro cjioH. KoHueHxpauHH Bbipa^ena KaK MaccoBan nacxb pacxBopeHHoro yr- 
jiepoAa B pacxBope. 

CoxjiacHo ypaBHeHHK) (3.32) xpa4)MK saBHCHMOcxM V ox 



aaer npHMyK) c naKJioHOM. 
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1-c 



(3.33) 



^ (3.34) 

CjiezioBaxejibHO, ecJiM MSBecTHa, MoacHO onpe;iejiHTb (KoacJxJjHUMeHx Maccone- 
peHoca). 

- = K, . (3.35) 
Kosc^xJjHUHeHT MacconepeHoca Kj mojkho nojiyMHXb h3 cooTHomeHMa 

N^,=B + 0,6Nl*Nl , (3.36) 
rue - HHCJio llIepByaa, paBHoe 

K.=K,.^ , (3.37) 
a Ng^^ - MHCJio PeHHOJibaca 

N =— (3.38) 

^ ^ Re 

V 

H //^^ - HHCJIO IllMH/lTa 

TV , (3.39) 

D 

npM 3TOM nocTOHHHaH B npezinoJiaraeTCH paBHoft 2 ccj^ep l^Jl jiJi^ oKTaaApoB. 
B ypaBHeHHH jxjih hhccji PeiiHOJibAca, IllMMAxa h lUepByzia x - pasMep KpHCxajiJia, 

V - KHHCMaTHMeCKaH BH3KOCTb, a W - OTHOCHTejIbHaH CKOpOCTb UeyKJiy KpMCXaJlJIOM M 

061^61^01^. ■ 

npH MaJIblX OTHOCIiTeJIbHblX CKOpOCTi?X MJIM B CJiyMae HenOABH^HblX paCTBOpOB, 

Kor^a Ba^eH nepBbiii hjich b npasoM nacxM ypaBHCHMH (3.36), wMeeM 

K,^^ . (3-40) 

X 

npH BbicoKHX OTHOcMxejibHbix cKopocTHX, Kor^a cyiuecTBeH BTopoH MJieH (Korzia B 
KpMCxajiJiMaaTope ocymecrBJineTCH nepeMeuiMBaHHe) MMeeM 
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K, = 0,6— 
HJiH npH X paBHO eziHHHue 



2 1^ 

(3.41) 



1 1 1 



S = \,6D'^ •v'^ •W'^ . (3.42) 
noMHMO nepeHoca Maccbi Ha cKopocxb pocxa Mo^ex oKasMBaxb BoaaeftcTBHe Bbwe- 
jieHHe HJIH norjiomeHHe xenjia na noBepxHocxM, o6ycjioBJieHHoe caMHM pocxoM (coox- 
HomeHHe (3.30)). 

BeapasMepHbiH napaMexp, onpeaejiHeMbiH KaK 



^ (3.43) 



yMHXbiBaex o;iHOBpeMeHHbiH nepenoc Maccbi h xenjia. 3flecb A// HSMeneHHe napunajib- 
HOH MOJiHpHOH 3HxajibnHH BO BpcMH pocxa, a T - xeMnepaxypa pacxBopa. 

npH cxauHonapHOM xeMCHHH peaKUHH CKopocxb MOJieKyjiHpHOH (oe-beMHoii) flH(|)ci)y- 
3HH cxaHOBHXCH paBHOH cKopocxH peaKUHH 6e3oxHOCHxejibHO K ycjiOBHHM AaHHoro npo- 
uecca." 

/leiicxBHxejibHO, xaK KaK npouecc KpHcxajuiMsauHH npoxeKaex b npe^ejiax ^BMacy- 
15 meiica rpaHHHHoii noBepxHocxw xojhuhhoh 5 , xo Bce npoueccbi oxhochxch k sxoh rpa- 
HHHHOH noBepxHOCXH. Ox noBcpxHocxH B o6beM pacxBopa Moryx aH4)4)yHZiHpoBaxb yr- 
jieBOflopo/iHbie paAHKajibi, naporasoBbie KOMnoHenxbi xepMHMecKoii /tecxpyKUHH 6MxyMa 
H Boziopoa KaK B axoMapHOH, xaK H MOJieKyjiHpHOH (JjopMe. 

B paccMoxpeHHOM rexeporcHHOM MexaHHSMe KpHCxajiJiH3auHH a.;iMa3a momcho Bwae- 
mjb HecKOJibKo cxa^HH. B nepBoii cxa;iHH npouecca npoHcxo^iHX o6pa30BaHHe xeMOco- 
-p6Hp0BaHHQfi-noBepxHocxH-Boaopofla-Ha_3epHax_KpHcx ajiJiH3axoB a_(Fe, Ni) . Ha Mexaji- 
jiax xeMocop6uHH BOAOpo/ia Mo^ex 6bixb onHcana xeopexHHecKH [21,22,23]. 

"EcjiH MOJieKyjia aacopdnpyexca flHccouHaxHBHO b /ise nosHUHH, xo npoxeKaex 

npouecc 
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-H, +5„->H* , (3.44) 

xo CKOpOCXb aACOp6uHH 

1 

V,=k^*e„*Pl . (3.45) 
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CKopocTH Aecop6uHM Bcerzia nponopunoHajibHbi KOJiMMecTsy aflcop6HpoBaHHoro aeiue- 
cTBa 0„ , noaroMy unsi hmx cnpaBeaJiHBbi Bbipa»ceHMH 

=k_^»e„ . <3.46) 
M3 cooTHOUieHHM (3.42) M (3.43) npH paBHosecHM cKopocTefl aAcop6uMM h mcop- 
6uHH no.ayHHM 



e„ = 



^-2 (3.47) 



1 + — •^w^ 



06o3HaHMM Hepea /9 oxHouieHHe pasHoe , xor^a cooxHouieHHe (3.44) sanMUieM 

k-2 



Ph • PI (3.48) 



ripn 0« , cxpcMHmeMCH K eflHHHue, BCH noBepxHocxb KaxaJiHsaxopa 6yaex noKpbixa 

10 MOHOaXOMHbIM CJIOeM BOAOpoaa, Ha KOTOpOM XOJIbKO H B03M0>KH0 o6pa30BaHHe KpHXH- 

HecKHX sapoAMuieH ajiMaaa. B xpexbefl cxa^HM npoMcxoflHX AH4)(J}y3MOHHbifi pocx KpH- 
cxajiJioB ajiMasa. 

H3Jio»:eHHbiH MexaHHSM KpHCxajiJiHsauHH a.fiMa3a b cpaBHeHHM c omicaHHbiM anajio- 
roM, rae KOJiMHecxseHHO onHcwBaexca aAcop6uHOHHbiH MexaHHSM 6e3 AHccouHauHH bo- 
15 AOpoAa, B npaKXHHecKOH peajiHsauHH He npHBOAHx k nojioHCHxejibHOMy peayjibxaxy, 
\ Mxo M oxMeMaexcfl caMHMH aBXOpaMH xeopHH [4]. 

B Hacxoamee BpeMa npOHSBOACxBO CMHxexMMecKwx ajiMasoB ocymecxBJiflexca mcxo- 
AOM rHApocxaxMMecKoro npeccoBanMH [3,5] b npMcyxcxBHH MexajiJiMMecKHx KaxajiMsa- 
TopoB (Fe, Ni, Mn, Co, h Apyrnx MexajiJioB)~Becb cneKxp nojiyMaeiviBix-eA-axHM 
20 cnoco6oM B ocHOBHOM HpHMCHHexcH AJiH HCJieH o6pa6oxKH pasjiHMHbix MaxepHajioB 
aJiMa3HbiMH HHCxpyMCHxaMH. B xaKHX oxpacTiflx npoMbimjicHHOcxH, KaK paAHosjieK- 
xpoHHKa H onxHKa nojiynaeMbie CA ne npHMCHHioxcH H3-3a HeyAOBJiexBopHxejibHbix 
xapaKxepHCXHK ajih 3xhx o6jiacxeH npoMbiiiiJieHHoro npoMSBOAcxBa. 

npeAJiaracMoe H3o6pexeHHe b hojihoh Mepe pemaex Bce saAaHM, Koxopwe xpe6yex 
25 npoMbimJieHHOCXb ox cMHxexMMecKoro ajinasa. Bojiee xoro, npeAJiaraeMbifi cnoco6 KpH- 
cxajiJiMsauHH ajinaaa no3Bo.«aex nojiynaxb aJiMaa c jiio6biMM nanepcA saAaHHWMH cBoii- 




CTBaMH, Hero He B COCTOHHHH npeA-^O^HXb npOMblUlJieHHOCTH HH O/IHH H3 H3BeCTHbIX 

cnoco6oB KpHCTajiJiH3auHH ajiMaaa. 

HEPEMEHb OHryP 
H HEPTE^Eft 

1. Ha pHc.l H3o6pa^eH rpacJ^HK saBHCMMOcxH cbo6o/ihoh SHcprMM npH KpHcraji 
jiM3au.HH ajiMaaa ox pasMepa KpHxirqecKoro 3apo/i.bima. 

2. Ha pHC.2 M3o6pa^eHa BeKxopHan /iHarpaMMa noBepxHocxHbix chji b npou.ecce 
KpHCxajiJiH3auMH ajiMa3a. Ilpn axoM o6o3HaMeHMe BeKxopoB noBepxHOcxHbix chji, 
o6o3HaMeHHbix Hepea y^j, y^^, y^^, cooxBexcByiox o6o3HaMeHHHM, npMHHXbiM b xeKcxe 

onHcaHHH cooxBexcxBeHHO Hepe3 a^;, a^^, a^, . 

3. Ha pHc.3 H3o6pa^eHa aaBHCHMocxb M3MeHeHMH MOJicKyjiHpHoro Beca KOMnoHenxoB 
6HxyMa B npojuecce narpeBa. DpH sxom KpHBaa 1 cooxBexcxByex MacjiaM, KpMBan 2 
cooxBexcxByex cHJiHKarejieBbiM cMOJiaM, KpMBan 3 cooxBexcxByex accJ^ajibxeHaM. 

4. Ha 1 (4)Hr.4) noKa3aHbi KpMCxajiJibi, nojiyneHMbie KpHcxajiJiiiaauMeM Ha okhc- 

JiaX COOXBeTCXByKDHtHX npHpOAHbIM yCJIOBMHM KpHcxa;iJiH3auMM. 

5. Ha 4)oxo 2 (4)Hr.5) noKaaaHbi KpncxajiJibi c4)epHHecKOH 4>opMbi, nojiyneRHbie Ha 

OKHCJiaX COOXBeXCXByiOmMX npHpOZl.HbIM yCJIOBHHM KpMCXajIJIH3aiXHM. 

6. Ha 4)oxo 3 (cJ^wr-S) noKasaHbi KpHcxajijibi, nojiyneHMbie c npHMenenHeM MexajiJiH- 
HecKHX KaxajiH3axopoB Fe h Ni (nopoiuKH). 

7. Ha 4)Oxo 4 H 5 (cJ^hx.? h 8) noKasaHbi HMxeBM/iHbie Kpncxaji Jibi , nojiyHeHHbie c npH- 
MeHeHHCM MexajiJiHHecKHx KaxajiHsaxopoB Fe h Ni (nopoiiiKOB). 

CBeAeHHH, noATBep^/iaiomHe B03Mo;KHOCTb 
ocymecTBJieHHH H3o6peTeHHJi 
SKcnepHMCHxajibHoe noATBepjK/ieHHe 3aHBJiHeMoro M3o6pexeHHH ocymecxBJiHJiH cjie- 
;xyiomHM cnoco6oM KaxajiHXHMecKoro zierM/ipHpoBaHHH xsep/tbix He4)XHHbix npo/iyKxoB 
(THD). KaxajiM3axopaMH b cepHH sKcnepMMeHxoB no KpMcxajiJiM3aiiMM ajiMasa 6biJiH 
HcnoJibSOBaHbi MejiKo/tMcnepcHbie MexajiJiHMecKMe nopoiuKM xMna: 
^ejie3HbiM nopouioK H^K - 0,1 mm; 
HHKejieBbiH nopomoK nH3 1-0,05 mm. 
MexaHHHecKan cMecb nopouiKOB npHxoxaBJiMBajiacb KaK b o6i>eMHOM,xaK m b bcco- 
BOM cooxHouieHHH. 06T5eMHoe cooxHoiJieHHe cooxBexcxBOBajio cjieziiyiomeM nponopuHH: 
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60% no o6i.eMy 6pa;iM MeTajiJinMecKoro nopouiKa Fe; 40% no o6-beMy 6pajiH Mera/iJiH- 
necKoro nopouiKa Ni. BsHXbie b raKOM cooTHomeHHH nopoiiiKH xmaTejibHO nepeMemn- 
BajiHCb. AnajiorMMHO npHroxaBJinBajiMCb MeTajiJiiwecKHe nopouiKH b BecoBbix cootho- 
lueHMHX. CymecTBeHHoro otjimmhh b npouecce npoBCAeHMfl SKcnepMMCHTOB Me>KAy 

06-beMHbIM H BeCOBbIM MeXOAaMH C TeXHHMeCKOH TOMKM 3peHHH Mbl HC o6Hapy>KMJiM. 

npiiroTOBJieHHbiH KaxajiMaaxop mcxoaom o6i.eMHoro cMeuiMBaHHa b yKaaaHHbix npono- 
puHHX npoKajiHBajicH b My^jejibHoii neMH npw xennepaxype 500 rpaaycoB no Ue^bCiiK. 

b xeMeHHH AByx nacoB. 

B KanecxBe xBepAoro yrJicBOflopozia 6biJi bshx 6MxyM MapKH BHJX. Dpe^iBapHxejib- 
HO 6HxyM noflBeprajicH 2-x nacoBOMy nporpeBy npH xeMnepaxype 410 rpaAycoa no Ue- 
jibCHK). TeMnepaxypa xepMHMecKOM o6pa6oxKn 6HxyMa Bbi6paHa 6bi;ia ne cjiyMaftHO, a 
H3 sKcnepHMeHxaJibHbix Aannbix no KOKCosaHHio THTKejioTO He4)XHHoro cbipbH [11,14]. 
KaK 6biJio yKaaano b paa^ejie 3, npH xaKoii xeMnepaxype npoHcxoanx /lecxpyKUHH ko- 
MnoHeHXOB 6HxyMa, anaMnxejibHo Boapacxaex kojimhccxbo ac4)ajibxeHOB h aocxMraex 
MaKCHMyMa (pnc. 3). KanecxBeHHWH KOHxpo;ib KOJiiiHecxBa ac4)a./ibxeHOB ocymecxBJia- 
jiH jiioMHHecueHXHbiM MexoflOM Ha MHKpocKone MMH-8. Ha npe/iMexHoe cxeioio Hano- 
CHJIH nJieHKy 6HxyMa, npomeziuiero xepMnnecKyio o6pa6oxKy xjiopo(})opMHOH bmxji^- 
KH. no HHxeHCHBHocxH jiiOMHHecueHXHoro cBCMeHMH, Koxopoc HMcex 6ejio-ro;iy6oH 
UBex pasjiiwHOH HHxeHCHBHOcxn B aaBHCHMOcxH ox napxHH 6HxyMa h KanecxBa xepMOO- 
6pa6oxKH. TaKHM o6pa30M, npuroxoBJieHHoe cbipbe h oxo6paHHoe no MaKciiMyMy nnxe- 
HCHBHOCXH jiiOMHHecueHUHH 6pajiH nJifi npoBefleHHA SKcnepHMenxoB. KaK npaBHJio, no 
cjie 2-x MacoBOH xepMHMecKoii o6pa6oxKH 6HxyMa ero Macca cocxaBJiaJia ne 6ojiee 
50-55 npoucHxoB ox nepBOHaMajibHoii. 

HaBecKV xepMoo6pa6oxaHHoro 6HxyMa b KO.;iHMecxBe 100 rpaMM noMemajiM b koh- 



xeflHep, Koxopbiii npezicxaBJiJi;i co6oh o6biMHbiH UHJiHHflp, HsroxoBJieHHbifi us XHxana, 
BHyxpeHHHH AHaMexp ero 6biJi paBen 80 MHJiJiHMexpaM h xojiuiMHa cxchok 10 mh/uikmc- 
xpoB. Ha HapyHCHoii noBepxnocxM axoro unjiHRZipa noMemajicH xpexceKUHOHHbift ajieK- 
xpHMecKHH HarpeBaxejib Momnocxbio 750 Baxx. 

BHxyM, noMeineHHWH b KOHxeftHep, nporpesajicH no noJiHoro pacnJiaBJieHiia . B pa- 
cnJiaBJicHHyio Maccy 6HxyMa aacbinajica MexajiJiMMecKHii Kaxajinaaxop na Mexaji^mMec- 
KHx nopouiKOB Ni H Fe B yKaaaHHbix Bbime o6i,eMHbix cooxHomeHHHX. KojiMMecxBO aa- 



cbinaeMoro KaTaJiHsaxopa cocTaB.aH.ao 200-240 rpaMM. SacbinaeMbm Kaxa^/iMaaxop nepe- 
MeiUHBajICH MexaHHHeCKH C pacnJiaBJieHHbIM 6HTyM0M jio coctohhmr OAHopo/^HOCTH.rio- 
Bepx 3TOM peaKUMOHHOH Maccbi aacbinajicH zionojiHHxejibHbiH Kaxajiiiaaxop xaKoro 
cocxaBa b KOJiHHecxBe 400 rpaMM jiJi^i co3/i,aHHH H36bixoMHoro /laBJieHMH b peaKixHOH- 
5 Hoii 30He KOHxeiiHepa h b 10 mm ox ^Ha KOHxeHHepa cxaBHJiacb xepMonapa XK jxjih aa- 
nHCH noxeHi^HOMexpoM xeMnepaxypbi b aoHe KpHcxajuiHaai^HM. Ha axoM 3aKaHHiiBa.acH 
npouecc no/iroxoBKH k npoBezteHMio peaKmiH KpHcxajiJiMsauHH ajiMaaa. 

noziroxoBJieHHbUi KOHxefiHep-KpMcxajiJiMsaxop no/iKJiiOHajiii k peryjinxopy HanpH^e- 
HHH c noMombio KoxopoFO peryjiiipoBajiM narpeB KpHcxajiJiH3auMOHHOH Maccbi. MaKCH- 
10 MajibHan xcMnepaxypa HarpeBa He npeBbiiuajia 550 rpaAycoB no UejibCMio. IlpH xaKoft 
3aziaHHOH xeMnepaxype npoMcxoAMJia KpMcxajiJiHsauHH ajiMa3a. BpeMH npoBe^eHUH pe- 
aKUHM orpaHHHHBajiH 4, 6 M 8 nacaMM cooxBexcxBCHHO. OnxHMajibHO A-'iHxejibHocxb 
npoBe/ieHHH peaKLtHH KpMcxajiJiMaaixHM ajiMaaa naxo/injin SKcnepMMeHxajibHbiM nyxeM, 
Koxopoe paBHHJiocb 6 nacaM. /lonojiRMxejibHaa Bbiz^epjKKa npH sa/taHHoft xeMnepaxype 
15 He npMBOAHJia k cymecxBeHHOMy HaMeneHMio KoneHHoro pe3yjibxaxa, 

B npoBe;i,eHHOH cepHH SKcnepHMenxoB bmxoa KpMcxajrjioB ajiMasa cocxaBJiHJi 40-50 
npoueHxoB ox Beca peaKunoHHoro 6MxyMa. B a6cojiioxHOM Bbipa^enHM 3xa BejiMMHHa 
cooxBexcxBOBajia ox 40 ao 50 rpaMM KpncxajijioB ajiMaaa b Heo6pa6oxaHHOM Biim- 3xa 
BejiHMHHa BbixoAa KpMcxajiJioB ajiMaaa nocMJia ycxoKHMBbiii xapaKxep m HBJiaexcH cpezi- 
20 Heft B npoBezteHHbix sKcnepHMeHxax. 

HaBJieneHMe KpHcxajiJioB ajiMaaa nocjie npoBe/ieHMH SKcnepHMenxa ocymecxB.nHJiH 
Mexo/i;oM MarHMXHoft cenapauHH, Koxopoft npe/imecxBOBajia onepaunn MexaHPiHecKoro 
Apo6;ieHHH cneKuieftcH KpHcxajiJiHaauwoHHofl Maccbi. Uo oKOHnaHHH npouecca MaxHH- 

THQH cena pauHH MexajiJiHHecKHH KaxajiH3axop BHOBb npocenBajicH na chxo h no/tnep- 

rajicH npoKajiHBaHHK) npH aa^aHHoft xeMnepaxype b 550 rpa^ycoB no IXenhciiK) b My- 
4)ejibHOH neHH. BpeMH npoKajiHBaHMH ne npeBbiuiajio 1,5 naca, nocjie nero KOHxewHep 
oxjia^ZiajicH BMecxe c MycJ^ejibHofi nenbio. Oxjia^/ieHHbiH KOHxeftHep BbiHHMajiH n ero 
co/iep^HMoe BHOBb no/iBeprajiM MexaHMnecKOMy /tpo6iieHMio h MarnHXHoft cenapauMH. 
B peayjibxaxe axoft onepauHw BHOBb H3BJieKajiM KpHcxa^/iJibi ajiMa3a b KOJiHMecxBe 10-15 
rpaMM. npH xaKOM xexHOJioxHH KpHcxaji/[M3auHM o6uj.ee KOJiM^ecxBO H3BJieKaeMbix aji- 
Ma30B cocxaBJiHJio 50-65 rpaMM (cJ)oxo 3). 
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B npoBeflCHHOM cepnn SKcnepHMeHTOB 6biJio nojiyneHO 6oJiee 3000 Kapax ajiMaaoB 

paSJIHMHOH (JjpaKUHH OT 100 MKM ZIO 1000 MKM. YlpH 3TOM Heo6xo;iHMO OTMCTHTb, MTO 

4)paKUMM ajiMasoB MCHee 100 mkm hc H3B/ieKajiMCb. MaKCHMajibUbiii pasMep Kpiicxaji- 
jioB ajiMaaa, nsBJieHeHHbix b npouecce npoBefleHHJi aKcnepHMCHTOB, He npeBbiiuaji 3,5 
5 MHJiJiHMCTpa. Sa^ana HSBJieMeHUH MaKciiMajibHbix no Be^iTMnne KpucrajiJioB ajiwaaa b 
xoAe aKcnepHMCHTOB He crasHJiacb. 

JXnn npoBeAeHHH HccjieAOBaHMH noJiyneHKbie KpHcxaji^ibi ajiMaaoB o6pa6aTbiBajiMCb 
B CMecH KHCJioT cepHofi H aaoTHOM cTanaapTHbiM npoMbimjieHHbiM MexozioM. Upu o6pa- 
6oTKe xaKHM cnoco6oM Ha6jiiOAajiacb noxepH b Bece HSBJieMeHHbix KpHcxajiJioB. Hsmc- 
10 HeHHe Beca KpwcxajiJioB AOCXHrajio 15 npouenxoB ox nepBonaMajibHoro. 3xox (JjaKX hb- 
jiHexcH ecxecxBCKHbiM, xaK KaK HSBJieHenHbie KpHcxajiJibi ajiMaaoB 6biJiH noKpbixbi cjio- 
CM rpa4)Hxa, Koxopbiii npHcyxcxBosaji KaK yjibxpa/iMcnepcHbiH nopomoK. 

n^ioxHOCXb KpHcxajiJioB ajiMasa Haxo^HJiacb b Hnxepaajie 3,35 rpaMM na canxHiviexp 
Ky6MMecKHH (MOJioMHO-6ejiaii pasHOBHAHOCxb, neHoo6pa3HbiH) flo 3,54 rpaMM na canxM- 
15 Mexp Ky6HMecKHM (npoapaMHbie KpncxajiJibi). DoKaaaxejib npejiOMJieHMH, MSMepeHHHbiM 
no MexoAy B.H.JIoAOMHHKOBa, oKaaajicH paBHbiM 2,4. MsMepHXb 6ojiee xomho xaKoft 
napaMexp asxopaM ne npe/icxaBJiHJiocb bosmo^hmm. 

ripH npoBCfleKHH cpaBHHxejibHbix Hccjie/ioBaHMH nojiyMeHHbix KpHCxajiJioB ajiMasa c 
npupoAHbiMH KpHCxajiJiaMH H3 Mecxopo^cflCHMH HKyxHH jiioMMHecueHXHbiM MexoAOM cy- 
20 mecxBeHHbix oxjiMMHH HaMH HC o6HapyjKeHo. KaK npHpo/iHbie, xaK h nojiyHenHbie 

KpHcxajiJibi B ocHOBHOM Macce jiiOMHHecuHpyiox 6ejio-rojiy6biM ubcxom npw B036y>K- 
^ AeHHH CBexoM pxyxHOH JiaMHbi /iPllI-250 nponymeHHoro nepea yjibxpa^JHOJiexoBbiii 

cBexo4)HJibxp yOC-3. npH 3XOM HaMH o6HapyaceHa xaK>Ke cnoHxaHHan nojiHpMSOBaH- 
HaH jiK)MHHecueHUHH, Hxo xapaKxepHO xojibKO gjifi npnpoziHbix KpHcxajiJioB. Hpn mcc- 
25 jieAOBaHHH HHxeBHAHbix KpMCxajiJioB (4)oxo 4,5) JiiOMHHecueHUHJi Ha6jiioziaexcfl y Bcex 
HHxeft (6ejio-roJiy6oe cBeneHHe). Oco6eHHO MHxeHCHBHO jiioMHHecuHpyiox oxAc/ibHwe 
BOJioKHa cBexJio-cHHMM cBeHeHHeM. HHxeBHAHbie KpHcxajiJibi ajiMaaoB, noJiyMeHHwe b 
SKcnepHMeHxax, He o6jiaAaK)x cnoHxaHHoii nojiHpHSOBaHHOH jiKDMHHecueHUHefi , no Kpa- 
HHeii Mepe, nan ee ne y^ajiocb o6Hapy>KHXb. AjiHHa hmxh, HSBJieHeHHoii m3 xaoxuMec- 
30 Koro nepenJiexeHHH, flocxwrajia 6ojiee oahofo Mexpa. ^HaMexp HMxeft 35 MHKpoMexpoB, 

KaK CpeAHHH BeJIHMHHa. 



ripH MCCJie/tOBaHMH KpMCTa.7IJIOB B nOJI5IpM30BaHHOM CBCTe (cKpemeHHbie HHKOJIM ) 

o6HapyHceHi>i KpHCxajiJibi c BKJiioHeHHHMH rana ajiMaa b ajiMaae. Tlpii stom noracaHHe 
MaxepMHCKoro KpHcxajiJia conpoBOHCAaexcH npocBexjieHneM KpHCxajiJia-BKJiiOMeHM^.KaK- 
npH iiccJiezioBaHMH (|)oxojrK)MMHecueHXHMM MexoAOM, xaK M noJiHpMsamioHHbiM Mexo- 
5 jioM oxjiHHMH OX npMpoAHbix KpHcxajiJlOB ajiMasa He 6biJio o6Hapy^eHo. 3xox 4)aKXM- 
MecKMH sKcnepMMeHxajibHbiH Maxepnaji oziHoanaHHo /lOKasbiBaex, hxo HaiiAeHbi KaK yc- 
jiOBHH KpHcxajiJiM3amiH, xaK H MaxepHHCKHM HcxoHHHK yrjiepo/tHoro MaxepMajia, x.e. 
MaxoHHbiH pacxBOp yrjiepozia. 

HaJio^eHHan xexHOJiorHH KpHcxajuiHsauHw ajiMaaa nosBojinex 6e3 cymecxBeHHbix 

10 sKOHOMHHecKHx 3axpax opraHH30Baxb npoH3BOACXBo, Koxopoe B nojiHoii Mepe yzioB- 
jiexBopHx noxpe6HOcxH Bcex oxpacJieH Maxepiia./ibHoro npoH3BOAcxBa b 3xom yHHKajib- 
HOM Maxepnajie. B xexHOJioxMHecKOM acncKxe peajiMsauHH H3Jio^eHHoro npMHmina 
KpHcxajijrH3aii.HM ajiMa3a B03M05KHa pasjiHHHbiMH Mexo^iaMH. HanpMMep, mcxo/iom Heno- 
cpeACXBCHHoro cxaxHHecKoxo npeccoBaHHH c npHMeHCHHeM KaxajiHsaxopoB MHxeHCMBHO 

15 noxjiomaiomHX BOAopo/i b 4)opMe xeMocop6ij;HH. 3xmm mcxo/iom bosmo^kho nojiyMaxb 
KpHcxajiJibi ajiMa3a c nanepeA 3aAaHHbiMM cBoftcxBaMH, cJ^opMoft h pasMepaMii, mxo 
HMeex cymecxBeHHoe SHaneHHe jiJi^ pasjiMMHbix oTpacjieu npoMbimjicHHOCXM, npHMeHH- 
lOLUHX ajiMa3bi. B cymecxByiomeM npoM3BOACXBe CMHxesa ajiMasa c ei o KaMepaMM Bbi- 
coKoro AaBJieHHH m bmcokhx xennepaxyp, KaK xexHOJioFHMecKHe axanbi npoHSBo^cxBa, 

20 CXaHOBHXCH H3JIH1UHHMH B CBCXC BbimeH3 JIO^eHHOFO. McKJHOHeHHC 3XMX SJieMCRXOB 

npoH3BOAcxBa h 3aMeHa o6biHHbiMH npecccJjopMaMH xojibKO 3HaHHxejibHo chm3hx 3axpa- 
xbi Ha npoM3BOACXBo ajiMa30B npMpoAHbix rpynn no cymecxByKnuefi KjiaccMcf)HKauMH. 




A. n. Cepe/ia 



A. M. JX^jxenKo 
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cpOPMYJIA M30BPETEHHa 



Cnoco6 rexeporeHHOM >KH/iKo4)a3Hoii KpHCTajiJiMsauKM ajiMasa nyxeM aACopem-ioH- 
Horo B3anMozieMCTBHH AerMApHpoBaHHbix KOMnoHeHTOB 6HTyMa c rn/ipH/iHOK noBepx- 
HOCTbio KaxajiMsaxopa, oxJiMMaKDuuMHCH xeM, Mxo niApH/iHaa noBepxHocxb Kaxajiwaaxopa 
o6pa3yexcH xeMOCop6mdeH BOAopoAa npH BbicoKoxeMnepaxypHOM m KaxaJiMXMMecicoM 
ZieniApHpoBaHMH noJiHAHcnepcHbix BbicoKOMOJieKyjiHpHbix KOMnoHeHxoB 6MxyMa-CMOJi 
H acc|)a;ibxeHOB c nocJieAyiouuMM azicop6uMOHHbiM nepexoAOM nocjie/iHHx b KpucxajiJiM- 
MecKoe cocxoHHMe - ajiMaa. 
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A.n, Cepe/ia 



A.M. ZlHAeHKO 



15 



20 



25 



31 



PEOEPAT 

B onHcaHHM k saHBKe Ha H3o6peTeHHe M3Jio3iceH npHHUHn rexeporeHHofi ^MAKocJ)a3- 
HOH KpHCxajiJiHsauHH ajiMasa, Koxopan npoHcxo/iMx Ha rexeporeHHOH noBepXHocxM Ka- 
xajiHsaxopa. 3xa nosepxHocxb xapaKxepHsyexca xeM, hxo b npouecce BbicoKoxeMnepa- 
xypHoro AexH/ipHpoBaHHH xBep^MX yrjiesoAopozioB 6HxyMa-CMOJi h ac4>ajibxeHOB Kaxa- 
jiHaaxop xeMocop6Hpyex BoziopoA b axoMapHoft 4)opMe. XeMocop6HpoBaHHa^ noBepx- 
Hocxb KaxajiHsaxopa o6jia/i.aex xcm KanecxBOM, Koxopoe ^ibjihcxch cymecxBCKHbiM npH 
KpHcxajijiHsauHH ajiMaaa, r^e xojibKo m BOSMo^eH pocx KpHcxajiJiMnecKoro yrjiepo^a- 
ajiMaaa. 

OnHcaH MexoA npaKXHHecKoii peajiHsauHH axoro npHHunna. B peayjibxaxe ocynxecx- 
BJieHHH axoro npHHij.Hna nojiyHeno 6ojiee 3000 Kapax KpHcxajiJiOB ajiMaaa paajiMHHOM 

4)paKUHH ox 100 MHKpOMCXpOB J5,0 1000 MHKpOMeXpOB. HaH6oJIbnieH Be.aMHMHbI Kpiicxa- 

jijibi ajiMaaa, HaBJie^eHKbie b npoBe^enHbix aKcnepHMenxax, ziocxHxajiM paaMepoB 3,5 
Ha 3,5 MHJiJiHMexpa. npH 3xom aa/iaMa nojiyneHMH MaKCHMajibHoft BejiMHHHbi KpMcxaji- 
jiOB ajiMaaa ne cxaBHJiacb. 
10 
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